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I INTRODUCTION

The performance of a naturally fragmenting weapon depends upon
the number of fragments produced by the detonation of the high
explosive (HE), their angular and weight distributions, and their
velocities. Calculation of these quantities, in place of experimental
firing and data collection, is especially attractive when configura-
tions and explosives for new or improved weapons are being considered.

The computational scheme described here was constructed during the
past year, under U.S. Army support'. There are two major related
parts, the computational fluid dynamics to produce the detonation wave
and find the gas and metal motion, and a fragment prediction scheme to
get the number, weight distribution and average velocity of fragments

in each of the polar zones around the weapon. The computer program,
while rather long, is in BASIC (Beginners All Purpose Symbolic
Instruction Code), takes very little time to run on a large computer,
and does not require an experienced programmer.

The fluid dynamics are discussed in Sec.II. A conventional

Lagrangian scheme with artificial viscosity is used for the interior
gas dynamics. Gas grid points are made to slide along the metal
boundary by essentially the method in the HEMP code 2 , but the slide
point acceleration formulas are different. The standard subdivision
of the metal casing into cells for which detailed calculations are
made is not used. Instead, the metal is taken to be a set of mass
points whose motion is a boundary condition which is solved for

along with the gas flow. This avoids the inevitable difficulties which

1 Fragment Prediction Method, Work Unit No. NOL-989/A, for U.S.
Army Materiel S:stems Analysis Agency, Aberdeen Proving Ground.
2 Mark L. Wilkins, "Calculation of Elastic-Plastic Flow," in Methods

of Computational Physics, Vol. 3, edited by B. Alder, S. Fernbach, and
M. Eotenberg, Academic Press, New York, 1964.

........ --------



NOLTR 74-77

arise in the usual Lagrangian scheme as the metal becomes thinner

and smaller computational time steps are called for. The mass point

idea is well suited to problems where the metal casing is relatively

thick and expansions to 2 or 3 initial radii are calculated. Since

there is a large saving in computing time if the computational grid

is coarse, some attention was given to the establishment of a

reasonable detonation wave in a coarse grid, and to the effect of

grid size on accuracy.

The calculated results are to be used for lethal area studies
which are generally made with data obtained experimentally in arena

tests. These data consist of numbers, weight distributions, and

average velocities of fragments in 5 degree polar zones surrounding
the weapon. Section III contains the scheme for producing these

data analytically, by adding the calculated contributions of all

the mass points to each polar zone. Fragment weight distributions

assigned at the outset to each of the metal mass points are used I
here in conjunction with the calculated mass point motions. Results
of computations for the 105 mm, Ml, and 155 mmM107, projectiles,

filled with military gradc Composition B explosive are given in

See.IV. There is also provision for providing these results in
other formats, for example, as a punched card deck which can be

used directly in the JMEM lethal area program.

The complete BASIC computer program appears in the appendix,

together with notes, a list of variables, and lists of input and

output statements.

The scheme can be used for other fragmenting systems, e.g.,

bombs and warheads. However, in many cases fragment weight distri-

butions and detonation product equation of state data needed to

make the calculation will not be available. These data will have

to be assembled, either from existing test data for various types

of casings and explosives, or from new theoretical and experimental

work. The program can be used, in conjunction with the arena test

3 Joint Munitions Effectiveness Manual, Test Procedures for High
Explosive Munitions, TH-61A1-3-7, FMI01-51-3, NAVAIROO-130-ASR-2-1,
FMFM5-2L, 12 Jun 1970.

2
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data, to find the effects of various factors on fragmentation, since it

provides a way to tell what parts of the casing the fragments

came fromand the related detonation wave impact angle and

acceleration history.
A computer program to make this kind of calculation was

constructed by Lindemann•¶ who used simple approximate formulas

for the casing motion, in place of the computational fluid dynamics.

Detailed hydrodynamic calculations have also been made wich modern

Lagrangian and Eulerian programs which take into account elastic-

plastic flow in the metal 2 ,s. The program constructed here

(Appendix A) is a compromise. It has enough detail to produce

useful input data for lethal area calculations. At the same time

it is simple and fast enough to be operated, on a routine basis,

by weapon designers and test personnel with no special interest in

computer programming.

SMichael J. Lindemann, "A Computational Method for Predicting
from Design Parameters the Effective Lethal Area of Naturally
Fragmenting Weapons," Naval Ordnance Station, Indian Head,
Maryland, IHTR 295, 30 Jun 1969.

s L.J. Hageman and J.M. Walsh, "HELP, A Multi-Material Eulerian
Program For Compres~ible Fluid and Elastic-Plastic Flows in Two
Space Dimensions and Time," Ballistic Research Laboratories,
Aberdeen Proving Ground, Maryland, BRL-CR39, May 1971, (VOL I-
726459; VOL II-726460).

'4 4 3
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II FLUID DYNAMICS

A. Input and Initialization
The program is designed to deal with axisymmetriL systems of the

type shown in Fig.l, i.e., relatively heavy casings, with closed
ends, filled with HE. In view of the axial symmetry we will be
concerned with half the cross section. In Fig.l, the interior has
been divided into cells, while the masses of the bands of metal
indicated by the broken lines have been assigned to mass points

located on the interior metal boundary.
Input for the computation consists of values of KI and Li , the

number of computational grid points in the axial(Z)and radial (R)

directions, dimensions of the metal casing, material densities, the
detonation velocity D , various other constants, equation of state data -r
for the gaseous detonation products, and for each mass point a frag-
ment weight distribucion (numbers of fragments per gram in various
weight ranges), or,preferably,a parameter value from which this

weight distribution can be calculated.
Let Z and R be the fixed grid coordinates and U and V the velocity

components in the axial and radial directions, respectively. Denote
the time byT, the pressure byPI , the artificial viscosity byQi,
the density byp, the density of the undetonated HE byp,, the relative
specific volume by V1(=jD/p), and the internal energy timespbyE2.
Also let 2rWbe the mass associated with a grid point, and Z WIthe

mass associated with a cell, where A and At are the corresponding
areas. The flow variables Z,RU,VWA will be located at the grid
points, while P1,QI1,VI,E2,Ri,I.,W1 , will be located at the cell
centers. The quantities W and W\ (mass/21D will be called scaled
masses.

The construction of the computation grid proceeds as follows
(see Fig.2): Let the outer metal boundary consist of the grid points

4
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FIG I OPTTINGI
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(OL) and (K1+1,L) for L=O to U., outer metal

(K,L141)for K-O to K1+ j. boundary.

These points will be used only in the calculation of the scaled

masses W.,_ to be associated with the metal mass points. The inner
surface of the metal casing will contain the boundary grid points

used in the computation, namely,

(1,L) and (KIL) for L'-O to L1-1, inner metal

(KtL) for K=I to KI. boundary.
Then,

a) Insert values of Z. o, •L., 0S1+1 10

b) Calculate uniformly spaced interior axis points

c) Initialize the remaining Z by putting
k,==,. for K=Oto Kl+I, L=Oto L1+1.

d) Read in R,.= and R,,, for K=O to Kt+1.

e) Initialize uniformly spaced R values by putting

RkL R.L/Li, for K=O to K1+1.L=Oto L1-1
It is assumed above that the end walls of the weapon are perpen-

dicular to the axis. If these walls are curved, special grid point
values must be read in. An example is the base of the 105 mmi
proJectile, for which the grid is shown in Fig.3.

Coordinates of the interior cell centers,$lK.L and1RZL, are gotten
by averaging coordinates of the four cell corners.

In order to prevent large distortions of the mesh, the grid lines
extending upward from the line L=Ll-I are allowed to slide along the
line L=Li. The intersections with the line L--LI, are denoted by

73 ,.R3,. The notation . R . is used for the metal mass points.
At the outset Z3,aZ,., and R3==R,,,l . At the ends, ,= .L Z3 3,S.L,

Z3Z•=t,.R, =RZ. throughout the calculation. This notation and

the variable locations are shown in Fig.4.
There is provision for an inert compressible material, with its

own density and equation of state, to occupy the space between the

lines K= 1 and K-K4+1, where k4 is an ir.aeger specified as part of the
initial conditions. This takes into account the fuze mechanism, if

6
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L4I

FIG. 3 GRID POINT LAYOoUT FOR 105 A'M PRO)ECTILE BASE

SUDE POINT ~3~ MASS POINT?

VI.L ,OIE.LEx,

FIG. 4 SLIDE POINTS~ AND1 VARIABLE CENTERING
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it protrudes into the HE cavity. If the fuze does not protrude into
the cavityK4=o.

An initial density RZ,.•,either the inert material density or the

solid HE density, is stored for each cell.

The grid point locations are used to calculate the values of the

scaled masses WI.,Lassociated with the cells. Fig.5 shows how the

volumes are calculated by decomposition into triangles. For example,

to get the volume associated with a cell, using the notation in Fig.4,
let the vertices of one triangle be

X 1 = Zkw.L X 2 = ZK+. .• X3 = Z I..L,+

YI= RP., Y2 - R1-2-,L Y3 = RL..*

Then calX'ulate the scaled volume (volume/2ir) swept out by rotating the
triangle about the axis from

A=[(XI.Y2-X2"Y1) +(X2"Y3 -X3"Y2)+(X3 Y1.-Xi'Y3)j/2, (1)

V.3 = AI('YI +Y2 +Y3)/3
A sihilar calculation it' made for the adjoining triangle in the cell.

Thew W,,,,.(V3 +V4).•,, R2 (2)A

whe-rý V3 and V4 are the two scaled volumes and R2,,, is the initial

density.
The scaled masses W,, for the initerior grid points and the metal

-ass points are calculated in a similar way. The subdivision of the

various areas into triangles is shown in Fig.5. Both the scaled
masses of the metal mass points and those associated with the interior

grid points are denoted byW',L. The scaled msses of the HE associated
with the gas grid points on the boundary are called W3•. The

quantities wi W.,4 are calculated once, at the beginning, and
then used throughout the calculation. The quantities wyv are not

used in calculating the metal mass point motions because the boundary

point pressures are obtained by extrapolation and interpolation. They
are, however, used in the slide routine and in the energy check made

at the end of each computation cycle.

The velocity components, relative specific volumes,and energies

must be specified for the initial time. Usually one sets U,

V.., V1,0V 1. Also E2v~o for K= I toK4(ifK4WO), and EZQ=.?- hrwhere E"'
is the energy released per gram of HE, for K ' K4.

8
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FIG. 5 CALCULATION OF MASSES BY DECOMPOSITION INTO TRIANGLES
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The detonation can be started on the left boundary of the HE,
on the line K=K4-+. The initial time is taken as

the time for the detonation front to traverse a half cell. There is

also provision for starting the detonation at the point + 0).

B. Flow Equations

The equations governing the flow can be written
Velocity

dId/T U dR/dT V (3)
Continuity

pA =AR , pi.At-Ri=W1 (4)

Artificial viscosity
Q1= Sp.AtV)[IN t/T (5)

Equation of state of detonation products

P1 = PI.(E2vVl) • F (6)
S,:'P2 = +"• +Q1 (

dE2/dT + P2 d ,vi/dT =0 I8

Acceleration
Interior points

du/dT = -(-If) aP2/a, dv/dT -(11p),P2/DR. (9)
Metal mass points

2Y4 du/dT-=- s, P v 2rdv/dT=A P5 (10)
In (5), C3 is a constant and a quadratic artificial viscosity has
been used. Equation (6) contains the burn fractionF, the fraction

of the cell traversed by the detonation front.

Provision is made for detonation product equations of state of

the form
PI C4- EZ +C6. (11)

Here, C* and cs are functions of the relative specific volume V1.
The sound speed is needed in the time step calculation. Since

c2 a = -(wV1 2/)(aP1/ayV)S
and (eEz/vl) - )

where CZ is the sound speed squared and S is the entropy, we have
from (11)

10
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C2=-(vf/a)[dc51dv1 -PI-c4 +(dc4/dv.).El). (12)

Calculations are presently being made withi the JWL equation of

state3, which has the form (11), with

C4- D2/V. , (13)

C 5= D-(i -C4/FI)exp(- FI/vl) t D4(L-C4/FZ) Cxp(- FZ.V1),

where 0>2, PS, IDA, Fi ,and F* are constants.

Let K and L. be Lagrangian coordinates, or grid point labels,

initially in the z and R directions, respectively. Then all the flow

variables, Including 6 and R, are functions of K, L, and T. Now

P2/aL - (,Pz/aR) aR/aL .+(aP2/aZ) a/aL, (14)

from which,
aP2laQ.r =[(aP2/&K) 07/RL - (aP2/aL) aZla•,] /a(R,7)/a(K. L),

PP2/az- [(aP2/aL)ae/aK -(aP2/aK)aR/aL]/a(R.*)/a(K,L).

Combining (41, and (9), and using the fact that

A - a( R,) QL)
leads to

dU/dT=(R/W)[(aP2/aL)aR/IOK-(-IPZ/aiK) R/aLJ] 1 (16)

dV/dT -(R/W)[(aP2/aK)a/aL - (cP2/f L) 'f/aK] .

The equations in (16) are used to calculate the gas grid point

accelerations. The motion of a metal mass point on the boundary is

found from (10), where 2Xwis the mass, ', and Aare projected areas

in the Z and R directions, and P5 is the pressure associated with the

mass point. The projected areas A and • are found by working with
lines connecting the mass points.

Metal Acceleration of Chemical Explosives. J. W. Kury, H. C. Hornig,
E. L. Lee, J. L. McDonnel, D. L. Ornellas, M. Finger, F. M. Strange,
and M. L. Wilkins. Proc. Symp. Detonation, 4th, Office of Naval
Research, Rept. ACR-126, pp. 3-13, U. S. Govt. Printing Office,
Washington, D.C., 1965.

---
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he motion of a slide point is shown in Fig Suppose the

slide point to be moved, Z3.,R3. is located on the line joining
the mass points labeled 1 and 2 in Fig.6. The slide point is first

moved along the line joining the old grid points 1 and 2, to 4'R'+.

The point Z4,,R4Rmay extend beyond the point 1 or 2. This is done

just before the new grid point velocities are calculated. At the

beginning of the following cycle, after the interior grid points
and the mass points have been moved to their new locations, the

new location of the slide point 73.XR3, is found by intersecting

the line joining '4, .RPand z". RNo._L with the new boundary.

C. Main Routine - Difference Equations
Figure 7 is an outline of a computation cycle. At the beginning, the

cycle number M is advanced by setting HN-iti. Relative to this new
cycle number we have the previously calculated quantities (see Fig.7)

T1=T -T A T2=Tr'' -T"" , (17)

Z4- ei-x , NK. ) 4 I" -I N-VaL -IP2

C2,, .2, * A AI ,LI U V

Following the order in Fig.7 put

TN =T- + TI.

Limited Computation
Assume that the detonation starts on the surface K-K4+1 or at the

point K=K4+1,L=O. Let K3 be the maximum K fcoz which the cell center
variables PIvj,Qi,E2,C2 will be calculated and let

Set
K5= 5 + the maximum K for which D-T-•o+E O (18)

K3 mi., Knj KI-1 •

Here D is the detonation velocity. The additional five K lines in (18)

are needed to establish a detonation wave peak pressure close to the

Chapman-Jouguet (CJ) pressure. This works because the artificial
viscosity term causes the solid ahead of the detonation front to be

artificially compressed.

12
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ADVANCE CYCLE NUMBER N AND TIME T.
CALCULATE NEW VALUES IN THE ORDER LISTED:

1. MAXIMUM K FOR LIMITED COMPUTATION IF THE DETONATION FRONT HAS NOT
REACHED K = KI. A

2. POSITIONS OF INTERIOR GRID POINTS, AXIS POINTS, AND METAL MASS
POINTS . L. RK, L"

3. POSITIONS OF SLIDE POINTS Z3K, R3K.

4. BURN FRACTION FK.
5. AREAS AIN RELATIVE SPECIFIC VOLUMES V1N. L, ARTIFICIAL

VISCOSITIES QlO1/2 PRESSURES P1 KN L' E2 , L, SOUND SPEEDS, AND
K. L K ENERGIES 2.

CELL TIME STEPS T3K, L-

6. TIME STEPS Ti AND T2.
7. MOTION OF SLIDE POINTS TO Z4N, R4N

K K'
8. VELOCITIES OF INTERIOR GRID POINTS, AXIS POINTS, AND METAL MASS

POINTS U NK 1/2, V N+L1/2.

AT SPECIFIED TIMES, PRINT OUT RESULTS AND MAKE FRAGMENT PREDICTION
CALCULATIONS.

MAKE ENERGY CHECK.

RETURN TO START.

FIG. 7 FLUID DYNAMICS-COMPUTATION CYCLE

14
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New Positions

The new positions of the interior grid points, axis points, and

metal mass points are calculated from (3). In difference form

N+ N-I N-L
K. •U1 (19)

R•, - F~,•+ T1 • v.,"

After all the Z,R points are moved, the new slide points Z3",R3,-
are found by intersecting the lines Joining ZNr 4",",. (calculatedN N

during the previous cycle) and . Rft_ (see Fig.6) with the new

boundary. To do this the appropriate segment of the boundary must be

found for each slide point. Suppose the equation of the line through

R,ýand 94- Rt is

d=c +b,4+c no. (20)

If the coordinates of a point not on the line are inserted for Y and

in (18), then the sign ofd will depend on the side of the line the

point is on. The proper boundary segment can thus be found by

inserting the mass point coordinates " • , successively, into

(18), starting with J=i, and testing for a sign change. Since

F4 - K.41. may be zero, it is convenient to put

SdZ= ( k.-.) +- SK{(R-R,. L..) , (22)

and substitute, successively Z.Li and R,.,, , for Z andR. After the

value of .7 for the left endpoint of the proper line segment is found,

Z,3and R-3, are obtained from the intersection of the two lines, i.e.,

by solving the system
S7 = (R r+-.,- R70)(•÷. "--'0•) (23)

(R- RS...7) - S 2T(- Z LI÷ ) =0, (24)
0- Z,,,.,) + sSot (P - Re L.1-) -=0.

The variable Kq is now set equal to .7, to identify the first mass
point to the left of the slide point Z3K R3,.

Burn Fraction
The term burn fraction, denoted here by F, refers to the fraction

of an HE cell considered to be converted to detonation products. If

the detonation front is taken to be perpendicular to the axis, F is a

function of K only. Then, with D the detonation velocity, we take
(see Ref.2)
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FM = max {( . - ,. +O )/( ,.i._ -1.°) , .I- 7)
(25)

Here • - • o at T-=o, the initiation plane, and Vi•7 is the relative

specific volume at the CJ state, a constant for the explosive.

To initiate at a point let the burn fraction be the ratio of the

time the detonation front has been in the cell to the time .for the

detonation front to traverse the cell. Let 7,R be the coordinates

of the initiation point at T=o and let

G .,l [ . - )-.(26)

Then take

F.. = max f (D-T- V")/(G..,- ,) (1-VL)/(1 -V1..)
1(27)

FiL. - min{ F., .

At the present time there is provision in the program for plane

detonation only (F-F.). Initiation at one or more points can

be done by making appropriate changes in the burn fraction and

equation of state routines.

Area. Specific Volume, Pressure, Energy, and Sound Speed

The area, relative specific volume, pressure, energy, sound speed
and cell time step are all calculated for a single cell before moving
on to the next cell. To get the area AI.L the cell is divided into

two triangles and the triangle routine (1) is used. Note that for the

uppermost cells (see Fig.4) the corners are , R,,.i,

(•-.1,L1-1, Rl.s1-,), ( +,,R3.,~), (•3k , R3K), Ler V3 and V4 be the
scaled volumes of the two triangles, obtained with (1). Then

ViKL (v= ( V )3 R+k.-)/i . .L (28)

The artificial viscosity (see (5)) is now calculated from

Q11C,= -C35.R2., Vq (Al", + Al". )/(Vl. iVi. (29)
where

Vq V,- V1 ' )/T3 -2. + v,. (30)

If Vq>o0then I.0 =0.

16
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Arrays in storage are for a single time step only. The values of

AIL.,. ,vIM,• , P1. and E2 are stored, temporarily, as unsubscripted

quantities, before the new values are found, for use in (29), (30),
and in the pressure, energy and cell time step calculations.

The pressure Pi and the energy Sz are found by solving (6)-(8)
simultaneously. When the JWL equation is used,C4 and C5 are

calculated from (13), using viX. The following are then solved
by iteration, starting with the first approximation

PIk= C+ E2.,., C5, (31)

E2- L(P + "I-,')/2 + 0l.- (V1",-VIKL). (32)

The new values of P1..L , E21, I VIkL with derivatives of C4 and
C5 from (13), are inserted into (12) to get the square of the sound
speed C.2...

1A
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Time Step
The time step is determined by num(rical stability criteria, with

the form taken directly from the HEMP 3ode 2 . This is a composite of
two criteria, one for the shock regions, the other requiring that a
signal pass only part way through a cell in one time step. The minimum
of the time steps found for the individual ceils is taken as the new

time step.
To find the cell time step we first get the smallest diagonal from

S53 ' I(33)
S4{Z 1  ZI'4I,L. )+ (RK:L4.l - (33)LjZ
S5 [min { 53,S+1] (3S4)

For the uppermost cells, where L--L-i, 23, and R3. are used in place
of RXk.L and • .. Then the cell time step Tlkis given by

where
w eo if v9 >o, (35)
B 2. C5S. SS-V9 if vqO _ 0

The quantities C3 and vq(=,A/vi) appear in (29).
The new time step is then found from

T¶4 mrin { min T3,., Ti E81 (36)
where E8 is a constant (1.1 is now being used, i.e., the time step is
not allowed to Jump more than 10% in a single time step). Also set

T2N411 =T(T" + TI")/2• (37)
The time step TiN' will be used in the next computation cycle, but
TZ will be used in this cycle, to get the velocities.

Slide Point Motion
To move the slide point along the line Joining points 1 and 2 in

Fig.6, let GC be the velocity along the line. Then

dc /dT=-(I/p)[9P2/a?.cos a + apz/aR-sin zC) (38)

18
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dU7/ST /d q/T cos (39)

dv7/dr = dGq/dT sind (40)

d-/d-r=u7 , dR/d•r=v7,

where a is the angle with the 7 axis shown in Fig.6 and L7,V7 are the
velocity components. To find PP2/az and cPz/aRin (38), we can use

(15). Since the line L=L. is being held fixed, aPZ/aL=O. Also, since

there are only two quarter cell:s associated with the point Z3,, R,,
equation (4) must be rep'laced by

SpAR = 2w3. (41)

Then, using (15), (38), and (41),

(dcq/dT) [Fz3K/(2.w3K,)] (P2/aK) sin of -(aR/aL) 1  cos d] (42)

where (43)

Z3 - 7",L.t_ (44)
aa/,R)S = " - R" (45)

COS 0( - (72- AV/[(zz- -Z'ý +(R2.- ..z] (46)

sin oc = (R2.- R) - Z,4-(R,- R,2j (147)

The subscripts 1 and 2 in (46) and (47) refer to the labeled mass
point locations in Fig.6. We then get U 1 ,KV7.,Z4.and R*,, using (39)
and (4C) with N-TZU7. u,,._ + (dr.,i /dr).,,,,,cos C.'rZ

V 7,, V.,N.I, +(dGq/dT).,, sin o(. T2

R4"'L 4.LJ, TI

Note that here, as in the HEMP code , the old velocities at the point
(K, 1 -1) are ured to calculate u-1 and v-7 from (39) and (40).

Velocity-Interior Grid Points

New velocitiec of the interior grid points not on the axis are
found from a difference form. of (16), viz.,

19

/ I I I



NOLTR 74-77

L. 1V 4" T2 (Ft" aP2/aK).,,(9/ýa),,,- (aP2/aL),,eC(aRlek),,'. (51)

where

(•P/P2*.= e.,. PZ"K,,. -P2".,,- P2K1,,L.1) 17 , (52)
(aP2/aL), =(P2:.,,, .+24 ,, - P2K.., (53- )".,,)/Z (52)

aR•/ak)., ( n:.",.. - ."..,J 2)I,

( aR/L.),.L = (R.L,o,, -R-L..A)/2 .,

(54)

(9iE/aL).,L = 7k". ,L- ,.) /Z.

Velocity-Interior Axis Points

For the interior axis points (9) will be used directly. Note

first that on the axis dv/dT=O,so that pP2//RmO, and from (14)

aP2/alZ -(9Pa/L)/(a7/aL) (axis points). (55)

The densityp needed in (9) is given by

p = /81, (56)
where 81 is the sum of the scaled volumes of the two quarter cells at

the point (K,O). To get these volumes the centers ZI ,RI. of the

adjoining cells are found, first, by averaging the Z and R coordinates

of the corners. Then the scaled volumes of the two quarter cells are

found by subdivision into triangles (see Fig.8) with the same quarter

cell routines that are used in the initialization. The velocity

components are now
LI~i~~ s~ ~ ) 5(57)

0o. (58)

Velocity-Metal Mass Points

The equations in (10) are used to calculate the velocities of the

metal mass points. The notation is shown in Fig.8. The pressures at

the slide points, denoted by P3,,, are found first, by extrapolation with

20
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P4 = CP2.L.1 + P2,.,., ,L.&-) /2
P3 = (P2,,. P21,.,o•,_,)/2- (59)

P3 = (3P-P:3)/Z

The subscripted variable P3. is different fromP3, a distinction

allowed in BASIC programming.

The pressure at a mass point is found by locating the nearest

slide points on both sides and interpolating with respect to distance

from the slide points. The adjacent slide points are located by

essentially the same method used to find Z3 and R3, (Eq.%(20)). The

equation for the line through a slide point can be written (Eq.(21))

+ s8,(R;L L.-.,. ) =O. (60)

Here S8,, the negative reciprocal of the slope of the slide line, was

previously calculated with (21) and stored. Now,starting with j=a.

evaluate
G7 =(Z•• o ,.a,_L + SO, (R,,.,, - R,,,,_,) (61)

for successive values of J, until the sign of G,.. is different from

the sign of G,. Then for the values of 3 and T+1 where the signs differ,
compute

Dcm=[(zt.e, - Z3,,) +(Rk,. - Rl,)" 1.

and P5 the pressure at the mass point by

P5= P3 +07 (P3,,, -P3,)/(D7+DB). (63)

Assume that the mass associated with the mass point R.IL, =.

is uniformly distributed over a band whose cross section consists of

the pieces between the point and the midpoints of the line segments

joining the point and the adjacent points (Fig.8). Then, in (10),

take the projected areas

, = (T/4)[(R,..,.L + RK.J, - . + R1.)

,=(r/4)+ R., + e _ . + (43 R + .)(., ,.) (64)
Now, using (10),

U =U + T2. A,. p/
(65)V .., + T2 A t,,,. PS/AS w,.") ,

21
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where,, A., (4/I,)4

Similar formulas, with appropriate subscripts,are used to get the

velocities of the metal mass points located on the lines K-u and KudI.

Energy Check
The total energy in the system is summed at the end of every cycle.

Denote the total internal energy by LE and the total kinetic energy
by KIE. The total energy E, is found from

"IE + k (66)

where

,,, IE ' v...E2,/R, (67)

+ir {W3LL +~)+3Lu ,,+2.
LAoE W., +V,, 4

LII

22
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III COMPUTATION OF ARENA DATA

Suppose that the weapon is located in the center of an arena of

radius Di and center at ZO,FRO in the coordinate system used for the

fluid dynamic computation. Put the weapon nose and the zero polar

angle at the left, as in Fig.9, and divide surrounding space into

5 degree polar zones, measured from ZORO. The total weight, total

number, average velocity, and weight distribution of fragments in

each of the polar zones are needed for lethal area studies.

The total weights and average velocities of the fragments in the
various polar zones are obtained from the fluid dynamics computation.

Assume that at a specified time, say the time for the center of the

weapon to expand to twice its initial radius, the casing has broken

into fragments and burst, acceleration of the fragments has ceased,

and the directions of fragment motion are constant. In the cases for

which fluid dynamic computations were made, the fragment directions

were established early, and then changed very little with time. The

velocities increased slowly with increasing radius after case expan-

sions to 1.5 or 2 radii. Hence, the velocities could vary by a few

percent depending upon the time chosen. The results of the fluid

dynamics computations for the first cycle after the specified time

are used.

The metal mass points are numbered In order starting with 1 at

K=!, L=O and endJng with 91+ 2LI at 1X=KI, L=O. Let ms be the mass

point number, and let R,, u,, and V,,, be the corresponding

coordinates and velocity components, respectively, calculated in the

fluid dynamics section of the program. The midpoints of the line

segments Joining the mass points are then

Z+ .z,.( *,,)/2 'A +r RM,./z -(Rrus÷Rt.g÷l)/Z (69)
Also, let be the fragment direction angle for the mass point MS
i.e., ieS'= arctan (V•,/LM.,) , (70)

24
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and, for the fragment directions from the midpoints,take I
P,..,,. =(P,- IM,,1I/2. (71)

The corresponding polar angle A9 ,,.,/, ,the *:,gle between the horizontal

and a line drawn from the point where the fragment direction intersects I
the circle to the point ZORo (see Fig.9),is obtained by solving,
simultaneously(z•,- o)' ,- (,G,-,Ro) =i Cj.2(..)

(f?& - +.(R( - tan P,,-'11 (Z' -Deut) 0

for 21 and R6, and taking
A4 arctan [(Z6-ZO)/(R-RO)]. (73)

The scaled mass (=W,,Lin the fluid dynamics program) associated
with each mass point M5 is distributed uniformly over the full and
partial polar zones between the polar angles Aqsl. and AR "sth.
Denote the contribution of the mass point M5 to the JZth polar zone
by w1 7 J2I;. After the scaled masses of all the mass points are
distributed over the appropriate polar zones, the total fragment mass
and average fragment velocity In each polar zone are calculated from

W8 7 2

total fragment mass in polar zone -Zw2nWu8,, and
average fragment velocity in polar zone 3z

=( Q 2Q3W s/,al.

where 1 ( + v, (6V;' Vý(76)

is the velocity of the mass point Ms.
The numbers of fragments in various weight ranges in the individual

polar zones are obtained from the directions calculated with the fluid
dynamics program, together with weight distributions which are specified
for each of the mass points.

To every mass point MS there is assigned a value of the parameter
M , called mi.., the average weight of fragments weighing more than one
gratLn. It is aaumed that the weight distribution of fragments from
the mass point, the number of fragments per unit weight in the
different weight ranges, depends only on this parameter and is com-
pletely determined once MI., is specified. Let the total number of
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weight groups beJ4. Speci.fy JR weights •ml,. M2.... Mv 3, ... 1q ,so that •

Mt=:1 grain, the ith weight group(J .jq) contains fragments with weights
between M, andM,* , and the last group contains all the fragments
weighing more than M,, . For each mass point MS read in or, pre-
ferably, calculate from a formula the weight distribution associated
with MIMe. This will consist of the quantities r4,,,.- the number of
fragments of weight greater than M,, in each of theJ3' weight ranges,

for the mass point M.. Also read in or calculate w2,o,, the weight
fractions of fragments weighing more than M,, for each mass point.

Let N7,,., be the number of fragments of weight greater than M,
in the JNth polar zone. This number is accumulated with

22L'n"W M,., 7 (77)

while the weights from each mass point ms are being put into the polar

zones between the polar angles A andA'q,,/ . At the same

time the scaled weight of fragments in each weight group, In each

polar zone, is accumulated with

W21 W7 (78)

Let N,. u?,%,-Nl,,)for T3-A. The average weight of fragments in the Jth
weight group in the& fth polar 7one is then 27r (wS,,- WSwb.÷,7)/M5:iS

for J4J9and 2W W5sY4,/H ,,, for Ji Jq. The total number of fragments of

weight greater than one grain in the 3& th polar zone is
42!-( -S'.. ),+ N77,.,,. (79)

The average weight of fragments weighing more than one grain, in the
XGth polar zone is 2WWS,./M91, (see (74)).

The value of R which must be assigned to each mass point depends
upon the casing diameter and wall thickness, the explosive composition
and density, the type and treatment of the steel, and the impact angle

of the detonation front. For the present work, fragmentation data
from arena tests of 105 and 155 mm shells, with standard projectile
steel casings and military grade Composition B explosive fillings,

were used to construct a plot (Fig.10) of R vs. the parameterX, wherex t d¢/1+ /o 8)
Here, t is the wall thickness (in.), di is the inside diameter (in.),

and C/M is the ratio of the explosive mass to the metal mass at the
weapon section being considered. The parameter X was proposed by
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7I

MagiS . The examination of vhe arena test data showed that when the

fuze was at the nose end of the projectile, the fragmentation from

the side wall close to the base end, beyond the ppet forming the main

beam spray, was substantially finer than the fragmentation indicated

by the value of X. This may be due to the higher pressure in the

section, produced by the reflection of the detonation wave at the

base of the projectile. A second curve in Fig.l0 was drawn for use

with this section. Also, in the arena te data, the value of F1 for

the base corner was less than one fourth the largest value of A in

the sections forming the main beam spray.

For the sample calculations that were made, the values of Fi for

the mass points on the side wall were taken from Fig.JO, and theFA for

the mass points on the base corner and the base end were set equal to

those observed in the arena test data. The values of F1 for the mass
points on the line Kul were arbitrarily set at 200 grains. No attempt

was made to model the fuze.

Figure 10 was constructed with a limited amount of work involving

both available arena data and fluid dynauec computations. The arena

data was used to get the weight distributions (number of fragments

per unit weight in the various weight ranges) in the different polar

zones, while the fluid dynamics results were used to find the mass

points, and the corresponding X values, that had contributed to these

polar zones. This kind of analysis is felt to be worth applying to

other existing arena data for a wide range of shells, bombs, and A

warheads. It has the advantage that, in many cases, the weight

distributions can be related to particular sections of the weapon
p twhere the value of the parameter X (Eq. (80)), the detonation wave

impact angle, and the acceleration history are known, from the fluid
dynamics computation.

Some attempts were made to correlate the cylinder fragmentation
results of Magis 7 and a weight distribution fitted to the Magis datal

z S.F. Magis, Naval Weapons Laboratory, ushlgren, Virginia. ss

piH.ts. Sternberg, "Fragment Weight Distributions from Naturally
othFragmenting Cylinders Loaded with Various Explosives," U.S. Naval
Ordnance Laboratory, White Oak, Silver Spring, Maryland, NOLTR 73-83,
12 Oct 1973.
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with arena test data for the standard 105 and 155 mm projectiles. The

agreement, overall, was poor. A likely reason for the poor agreement

is that the cylinder fragments, collected in sawdust pits, were

subject to secondary breakup. Another possibility follows from the

fact that the cylinder data are averages of weight distributions from

various sections of relatively short uncapped cylinders. These

averages may not be adequate to represent weight distributions from

sections of a projectile. The sample size may also be a factor. There
7were very few standard projectile steel experiments in the Magis work .

The Mott formula9 was used for the weight distributions. This can

be written
N('-) =t/2uJ xp[-rrvAS) 1 '3(81)

where m is the fragment size, Uis a parameter, and N(m) is the number

of fragments per unit weight, of weight greater thanmn. With/Ain grains,

MHO) is the number per grain of fragmenits weighing more than one grain.

Hence, the parameters FA and/• are related by

F-=2/4, e• p1[(1/A)/I2]. (82)
To calculate the Mott distribution (81), starting withF, /Xis

needed from (82). In the computer program this was calculated with

the fit 2o + O.431.4 F -50) , O , 4 (0
I/U + (83)

/=20+ (7/±6s)(FA-5-0) So0r i; -i'250 1

Figure 11 contains plots of the Mott distributions N(m) vs. y

for various values of the parameter F1 . Note that by the choice ofFl,

one member of this family of lines is assigned to each mass point MT.

The family forms an envelope with some interesting properties (see

Ref. (8).
The input quantities wz,,., the weight fractions of fragments

weighing more than m, (grains) were calculated from

(84

SSee R. W. Gurney and J. N. Sarmousakis, "The Mass Distribution of
Fragments from Bombs, Shells, and Grenades," Ballistic Research
Laboratories, Aberdeen Proving Ground, Maryland, BRL Report No. k148,
7 Feb 1944.
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Equation (814) is gotten from (81) and (see Ref.6)

WOd~

30



NOLTR 74-77

IV RESULTS

About 12 computations were made with the fluid dynamics section

of the program in order to test the effect of the grid size on the

calculated velocities. These were done for metal cylinders 40 cm
long and 10 cm inside diameter, with uncapped ends, filled with

Grade A Composition B explosive, and plane detonated at one end.

Explosive to metal masses (C/M) between 0.1 and 2.0 were tried. The

JWL equation of state, with the explosive constants for Grade A

Composition B taken from Ref. 6, was used. Calculations were made
for 20x3, 4 0x6, and 80x12 grids, e.g., in the 20x3 grid the cells

were 2 cm in the axial direction and 5/3 cm in the radial direction.

Typical machine times for the computation of expansions to 2-3 radii,
with the CDC 6400 computer, were 45 seconds for the 20x3 grid,

3 minutes for the 4 0x6 grid and 15 minutes for the 80x12 grid.

Figure 12 shows the effect of cell size on the calculated velocity,

which is given in terms of the Gurney value, viz.,

Gurney value (•÷ 4 *)• [(1 +o.5 C/M)/(C/Ml)j

These c-omputations were made for C/M=0.2, a value like that encountered
in projectiles. The plots in Fig.12 are for various expansions, •f•,,
where R. is the initial inside radius (=5 cm here). Note in the
figure that the velocities calculated with the 2 cm long cell
(20x3 grid) are close to those obtained with the finer grids. As the

C/M ratio is made larger, corresponding to thinner walls and more

rapid expansion, the effect of cell size becomes greater. For
C/M-2.0, wall velocities calculated with the 20x3 grid are about 3%
lower than those calculated with the 80x12 grid.

Sample weapon calculations were made for the 105 mm, Ml, and
the 155 mm,M107, projectiles, with standard projectile steel casings,

filled with military grade Composition B explosive (RDX/TNT/wax,

59.4/39.6/1.0). The JWL equation (13) with the following values of

the constants was used:
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+ CALCULATED VALUES
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0=0.7839 cm/usec p.=1.634 grams/cc,

EI=0.0814 mb-cc/cc (= E1f~o,),

02- 0.30 ,D3- 4.9055 ,D4- 0.058,

F1 = 4.2, ,F2U 0.9.

The above values, worked out for a different RDX containing explosive,
are believed to be adequate for military grade Composition B. The

density ubed (1.634 g/cc) may be a bit low, but this should not be

significant. The maximum reported experimental density for cast

Composition B is 1.68 g/cc.

Figure 13 shows the calculated directions of the various sections

of the 105 mm projectile at two different times. Note that a large

fraction, of the metal, usually called the beam spray, appears in

the 20th polar zone (95-1000), and that the directions are fairly

well stabilized after about 60 microseconds from the initiation

time.

The input and the calculated weight, velocity and angular

distributions of fragments from the 105 m, Ml,and the 105 mm,

M107,shells are listed in Tables I through XII. Tables I and II

give the C/M ratios, the inside radii, the scale factors X, and

the values of M assigned to the mass points (see Sec.III). The

initial grid and the calculated results are Tables Ill-VII for the

105 mm shell and in Tables VlII-XII for the 155 mm shell. It was
pointed out in Sec.III that the calculated velocities can vary by

a few percent depending upon the assumption made about when the

acceleration ceases. For each 5 degree polar zone, the calculated

numbers of fragments in the various weight ranges are listed in

Tables VII and XII.
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TABLE I C/M RATIOS, INS-DE RADII (CM),ANJ SCALE FACTORS X (IN4'S FOR IC5 .,M, Mi, ANDI 155 MM, M107 SHELLS.
105 MM SHELL, Mi. HE LOADIN0~ DENSITY= 1.634 G.I&MS/CC

COM' Aq0 SCALE FACTOR
X8ST*DIP*(1/3)/1.i~2*C/ma)

K Z(K90) lR(Cl4) CKIIt'*/l
10 3i4 .123764 058116
2I'm5 20?7s oI5489 *S~i3233 3.51 3,2 .107494 OE6495S

5,6 3 *52 S 231J5 548
5 7.02 3.65 *293874 .4434036 9.715 4.025 *31604b .411023
? 10.53 4.2 .351818 937273

8 'ý.2e5 4.215 .346186 0389644
9 14.04 #-.23 0:40754 e399612
t0 I5.79:i al 5 .325526 .412235

12 199305 3*965 027307a 048380?

16 26.325 3.65 .1?3134 09*
1728.08 3.45 o.5631 .761675

16 290635 3.46 913'0ld .644104
19 31.59 3#a? o120674 .925896
20 3Z,9 3*91 *11263 .991S206
21 35s.1 205 7,13284E-2 1.09668

155 MM SHELL, M 107. HE LOADi NG DENSITY= '1.634 GRAMS/CC
CV9 AdD SCALE FACTOR
XwST*Dl**(1/3)/(1*20C/m)

1 4 2.6 .152474 .353615
2 6,6295 3.23 *206232 .513635
3 9,259 3.15 .24118? e5224 11.5865 4.22 .265091 .545188
5 14*518 4*65 0289112 .557504
6 17.1475 5 .30b671 .570262
? 19.777 5935 .33861 '549701
a 22.4065 5,6 .33072f .602287
9 25.036 5.81 .32352 .6S0773
10 27.b665 6 .31588 .70039?
11 30*295 6.12 .345283 .641lb6
12 32.9245 6.12 .35749d .612645
13 35.554 6.05 .336246 .653534
14 38.1835 5.92 .301288 .730476

1540,813 5'? .25266d .96281?
16 43.4425 5.45 020922d 1,01484
1? 46.072 5.1? 0171fl81 1.1349?

4 648.701S 4.9 .14184 1*34689
19 51.331 4.61 .107618 1,63807
20 53.9605 4,35 .100756 1.61515
a1 56.59 4.1 9.7993SE-2 1,53253
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NOLTR 74-77

TABLE II VS #445. AVERAGE WEIGHT OF FRAGMENTS WEIGHING MORE THAN ONE GRAIN
A.SSIGNED TO MASS POINTS

105 MM SHELL, M1 155 MM SHELL, M 107
COMPOSITION B FILL COMPCS;TION B FILL

tA5 MBAR (GRAINS) MS MBAR (GRAINS)
1 200 ?00
2 200 2 200
3 201) I 3 200
* 10o* 4 90

906 9S

S 105 9 100
75 11 110

a SS la• 130",
9 40 13 14S10 31) 125
11 35 15 11
12 3S 16 130
13 45 37 ISO
14 so 185
is 70 19 210
16 9S 20 230

1 ; 110 2l 24Sto 130 22 270

19 145 23 100
20 160 24 #
21 160 25 sq
U 6S 26 100
23 6S 27 146
24 20
25 35
26 4S
2?' 4S
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NOLTR 74-77

TABLE 111 105 MM SHELL MI (NOSE PLUG). INITIAL GRID, INCLUDING METAL OUTER BOUNDARY
POINTS

LK z fcm) a~M L K z() a(M
T* 0 3.5 11 17.55 2.1133S

a *ait 19.365 2.54333
a 17, a13 11.05 2.57)33

*33.51 04 22s70915 2.50333
*~st PO 5.5 1 55 ..3333

* 5 1.07 o 1 .325 2.3544,
*.759a 17 Zoo#@ 7.3

*0.30at 10 32:00a 7S333
*~ ~ It aet*1 ) 971
*917.05 *a as 37. .7.5)

11 a100 3I

is7 930 3 3 .3.91 3.
* 1)7.5 3 1 s .35sa

* 7 0906 0 3 5 71607 3.0
1 1 9.435 3 6 sells la0ss

o19 31oS9 S3 7 10.53 5.7
as7 37.9 1 3 8 18.0118 0.715

* I1 35.1 039 156 .73
a 7 3.09 0 3 to 165.795p 5.15

0 3.11 1 3 1 17.55 4.17
I0 .7:3313 3 13 19.305 3.96S

a ws 9.0 a97 3 13 21.0t 3.05
13 3.5o9S45 14 22.615 .s

T:85.75 1.175 Is 15 .57 3.55
$a 5 .0 .Ia033 15 2::32S75S

$*ITS7 1.341#f 33 17 70.00 3.455
11 tfS.3 i04 3 1297.635.3

* 10 1.70 1.551 3 1 31.59 3.27
1915.05 1.51 3 to 320. 3.05
1 10 5.79 1.34333 3 at 33 01 toss

111.51.35457 3 at 36,3 7.ss
& 7 9.3o5 103216? 4 0 3.15 I.(S

113 71.05 1.3054? 51 0 ?1
1 47705102515? 5 1475S 4.9s

is 15 75. 1.71"5? 43 3.51 .)
16 259329 1.1033) 5.26 15I

70 9.035 1.13 6 .7S75lo
to 31.50 1.09o 7 10.53 to.3
to 38#4 190256? 5017.705 5.33!)
at 35.0 to 51 15.9 5.34SOU

* 7 I 0 .5454? it 17 1930 57
a a I .I55 1.09 13 71.05 5.77

It 3 3.96 1*3333) 14 22.0615 5.77

3 501956.0339 17 70.0 5277
*7718.53 as0 to 1Z99635 5.335

11137.015 7.01 is1 31.59 5.4
79 15.05 lo0t 4 to 32.0 5.t

is I.?"&91" 33.0? 5.05
10ll7 35.0 6.077

-1
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NOLTR 74-77

TABLE IV 105 MM SHELL M1 (NOSE PLUG). COMPOSITION B FILL. CALCULATED SCALED MASSES,
AND POLAR ANGLES 120 MICROSECONDS AFTER INITIATION

M5 K L W6 (MASS/2 7r, GRAMS) A9 (M5 + 1/2) (DEG)
1 1 0 Z,46646 0
2 1 1 19,7316 3,830b3
3 1 2 39,4633 24*6663
4 1 3 118,884 le,4021
S 2 3 T1,273? 70,0966

6 3 3 773?37*2•666
7 4 3 ?6.974d 79*2662

5 3 TsloOOd 92,90959 6 3 73.4884 86.8319

10 7 3 72,3131 91.0764
11 8 3 73.S84d 94,1842
12 9 3 75,1496 9602043
13 10 3 7508576 97,961914 11 3 ?7,0958 9,2•999
15 12 3 92,542 99.?702
lb 13 3 58.511* Q995339

14 3 94,0576 99*2677
18 is 3 99.3756 99,0519
19 16 3 1040361 99.8357
20 17 3 109*700 98.3463
21 18 3 1189134 99,3487
22 19 3 117.75 107.034
23 20 3 1160274 1210804
24 21 3 1469252 135,989
25 21 2 76,6556 147.4
26 21 1 25,0097 1660651

4"

J
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TABLE V 105 MM SHELL M( (NOSE PLUG). COMPOSITION B FILL. CALCULATED WEIGHT
CONTRIBUTIONS OF MASS POINTS TO 5 DEGREE POLAR ZONES, 120 MICROSECONDSAFTER INITIATION

mAss PT POLAR ZONE NT 14 ZO'4(GRAINSI

2 1 1911.55
3 1 214.576

3 2 9z7.495
3 3 910.46s
3 4 91.4o§S
3 5 46t#016

s 1309983

6 207015
4 7 2071.15

4 a 2076.15

4 10 2071.15
11 997°443

5 11 1013.7S
$ 12 19b1.12
1 13 19blW12
* 14 1951.12

1s 37.7106
6 15 5122024
6 16 2316776
7 16 74b7.11
1 16 1506.97
* 17 5761.66

9 17 3577.1
9 1 3242.31
10 1i 5229.01
10 19 1776054
11 19 714e069
1a 19 2940,14
19 20 4340.1S
13 20 734.6*1
14 20 7465,63
15 20 79960.4
16 20 6574,76

it 20 9112.04
ZI 20 9697.23
19 20 10110,2
26 20 10625.2

as 20 916.708
RE 21 74l.35
Is 22 3019024
13 22 2261.93
23 23 3513.33
23 24 3913.33
13 25 1376.7?
24 25 3192*34
24 26 Gge4o11
24 27 4994.11
24 28 967099
21 2s 2610.34
35 29 3214.1
2a 30 is61.76
26 30 324.257

31 6290261
34 33 62902t1

te 4 207*43436 330711

27 3S 460249
27 36 46.246
2? 37 0

TOT NP3TAL WYE 1#6191! Lo( 80241660 WAINE,

38
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NOLTR 74-77

TABLE VI 105 MM SHELL M1 (NOSE PLUG). COMPOSITION 6 FILL. CALCULATED FRAGMENT
WEIGHT, PERCENT OF TOTAL METAL WEIGHT, AND AVERAGE VELOCITY IN EACH 5
DEGREE POLAR ZONE, 120 MICROSECONDS AFTER INITIATION

POLAR ZONE MET WT (GRAINS) PCT BY WT AV VEL (FT/SEC)
1 2365*07 1.15783 1412.05
2 917,48b 0449156 1629,,81
3 9170.65 0449158 1629.81
* 9179485 0*49156 1629.81
5 995.049 .48713 1598646
6 2076.15 1.01639 1405.39
7 2076.15 1.01639 1405.39
* 2076.15 1.01639 1405034
9 2076.15 1*01639 1405039
10 2076.15 1.01639 1405.39
11 2011019 0984585 2694o.58
12 1951.12 0955177 3963*04
0 1951.12 0955177 3963.04
1 1951012 0955177 3963.04
15 5159e95 2*52608 3808.16
16 11329.8 5.64657 4009o29

963S.78 407187 4480045
1i 8471o32 4.14717 4760.44
19 11845.4 5.79895 4801.33
20 87618.4 429S939 4014e62
21 ?421.35 3.63315 3398.29
22 5281019 2058543 3116.71
23 3813.33 1.86683 2740.6b
24 3613.33 1.66683 2740086
25 4568.11 2r23633 2136.48
26 4994o11 2944489 1676.01
27 4994*11 2044489 1676.01
28 3595.33 1.76158 2326.31
29 3254.1 1.59306 2496.82
30 1889002 .924775 2704.8
31 5290261 .30b057 3697.35
32 629*261 0308057 3697.35
33 529926i .305057 3697.35
34 238.007 0116909 4263.84
35 460246 2.26409E-2 8065.03
36 46.240 2026409E-2 8065.03
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NOLTR 74-77

TABLE VII 105IG HT LL RAGE (NOSE PLUG). CLCUAED NUMBERS OF FRAGMENTS IN VARIOUS
WEGH RNGSIN EACH 5 EREPLRZONE, 10MICROSECONDS AFTER

'40.03 Ofgue? Pd9"NT *OA 0061t4(5

01. RANK0S INd 09A143

PNtAX ZOS 1 *2 S S -10 to 19 *Og.AS ZOBL ISO - 250 at. T"4"1 M5

* S@51933 .004352 .945533 .47953 1 1.131s7 %;i169
I .345917 .364404 .3745*1 .263411 :434)974 .*?t5

.157 3644404 .3741161 .2*3413 3 4361174.925
4.345977 .366400 .370613 .263611 .430974 .042715

ad2*sM .481361 .409401 .341103 ! .11414 1.44:
* 3*1559 2.13153 2.09l124 1.4212 4 .52111 2.19022
11.11559 ?#U1IS3 2. eipI Z 1.*212 1 0112111 2.19012
01.1*5 1PS .11353 2.0912# 1.4212 1 1S521,11, 2
301.16559 z.!l153 2.0912# 1.4212 i.11s
111.12912 2.J$464 2.91158:1 1.37673 11 1.473532124

1 3 1.09539 1.93434 3.96534 1.33561 13 1.4205 2.05631
14 1.09539 1#9963t 1.9453* 1.33561 14 1.6295 t.05431
is 3 .11754 5.63-153 S.t6116 3.7S73. Is 3667124 S.311174
34 U1.741 11.616e 18.298f 12.1029 16 9.38061 16.7513
17 18.3364 31.5307 29.0131 16.392a 170144285 *.*logo
to 2.60104 46.6736 41.0416 24.02b is 6073121 3.99624

1,37.2150 62.33all 55.1644 31,7621 19 M.5OM S.73179
to 74.0613 1331.22? 124.32& 61.1716 It6 43.1743 84.22095

410466474 15.31*7 34.593J 9.59393 21.4,4609 6*.5501
22 .1167, 1.69493 10.3F130 .4.027 R2 4.09714 4444.08

73663e .bp .44700 4.91194 23 3.3194 3.3401?
214 4.4*352, 7.6492 7.49740 4.91194 24 3.3194 3.34611

2524.6642 34.1424 32.0391 16.2269 as 2.61990 1.77191
1* 34.06%1 54.0386 45.4099 572 2 .3 .660412
a? 36.06S7 S601316 45.6906 25.7325 I7 2.43411 o00§418
as 15.0244 24.0? 20.6446 12.3018 as 2.4667 1.47163
t0 9.63524 14.:5139 14.672? 8.00701 t9 2.444 3.42306

-30 S.39761 9.00764 9.10724 4.99070 30 1.54716 .*9545
31 1.3024t 2.43493 2.0644 1.2f336 31 .5S31463 .416191
32 1.30262 2.23*93 2.0404 1.2;339 32 .553143 .417619
33 1.30242 2.23*413 1.0484 1.20346 33 .553143 .617019
34 .490273 .808612 01`7`731 .490356 34 .20092 .1502$
35 9.5122:1-2 .16095 .1%54'# 9.500021.2 is 4.964371E- 3.0449112.
36 9.572211-2 .16425 .15O544 9.50902[-l 34 4.645311-2 3.644911-2

Dl I5 - 25 25 - So So -l~ 101 10 -3IS0
1.976.51 1.5112? 1.6S624 .94,5004
2.379572 .SV0151 .44252# .374696

3 .379572 SqOIS51 .662524 .374490
4 .319572 SvO5105 .442524 031,46901
s .449659 00.309 .107404 .44144
4 1.94655 2.04313 2.00799 1.46432
? 1.94455 2.66313 2.90792 1.*4632

61.44055 2.86313 2.00?92 1.45432
9 .44055 2.96313 2.90791 1.4$432
16 .44055 2.v4313 2.60799 1.41432
111.90695 2.71354 2.12004 1.0195

is 1.949.09 2460069 2.43661 1.37613
13 1.64993 2.44009 2.63861 1.31413
14 1* 364990 2.44049 2.63031 1.3713)
is S.1435 1.b53*3 7.3013S 3.769?)
1* 14.2745 aff.s106 20.436 9.62317
11 23.40?1 30.1646 14.1954 10.3494
3o 30.5305 34.021 25.50*4 9,34190
i9 641.3S) 49.*V53 35.5243 13.1119
t6 107.031 jb.dr 1331.1184 *3.3713
&' 1 1201711 17.2593 15.10*3 7.04290
sit 9.04973 12.2621 10.8004 S.01193
23 6.53443 6.86463 7.00310 3.4109
so 6.634*3 9.65636 7.00330 3~4161;
is 29.626 2d.60644 12.3491 4.26102
24 29.69IP4 29.41,16 14.4792 6,42344
27 46.69%4 29.439 1.49 4424
a0 14.6445 16.$246 11.0224 3.02392
t9 11.1317 13.3512 0.47*4 3.62474
so .4.0g2 7.40970S 11.150673 2.69534
31 1.611312 2.016344 10.11473 .002106
32 Z.53 .064461 1.64547 .029100
33 .4311 2.09441 1.45713 .603100
34 .62?34* .794914 .427070 .PSO863
35 .121491 61.15945 .121416 66110332
34 .121407 .153943 .314141 .056132
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NOLTR 74-77

TABLE ViII 155 MM SHELL, MI07 (M5lAS FUZE). INITIAL GRID, INCLUDING METAL OUTER
BOUNDARY POINTS

L K z CM k(M) L. K ZCM) a (CM)

o 3 11 30.895 4.60
a 12 32.0265 4.00

a .4~ a 13 35.554 4*83333
*39.259 0814 39.1135 389666p~

3,4 1166665 is 1 40.413 3.6
* 5 looS19 a 14 43.4425 3.63333
* 4 11.1415 0 8 17 44.072 3@44W1,

* 0 22#6065 8 1t 51.331 3.07333
I 9 85.34 6 8 0 3.9605 2.9
* 1 21b6455 0 a 21 54#59 2.73333
* it 30.8195 0 a 82 49.45 2.73333

* 232.9245 0 3 0 33
9 13 35.556 S3 1 2.4

014 30.183S 3 a 6.6895 3.83
* 140.0133 3 3 *.259 3.15

0 14 43.4425 3 4 10054.21
017 6o.072 03514.510 4.45
0i1 44.7015 03411.1415 5
019 51.331 0 1 10.17? 5.35
*29 Mail45 0 0 22.6065 so$

0 8 565be"3 25.036 5.01
o 2at.5 3 1927.3450 6

10 *3 644664 3 11 30*29r, 6.18
1 4 o363 a 3109245 b.12

a 8 4.295 1.1766f 3 13 35-596 4.05
13 9.859 1.t5 1 14 30.1630 5.92
14 11.0005 1.40447 3 Is 40.813 5,7

-15 14.510 1.55 3 14 4364435 5.45
1 1781475 1.444? 3 17 46.013 5.17
17 19.777 !.70333 1 1s &$.r0ls 4.9
1 28.4065 1.04441 3 19 51.3M 4.41
19 25.030 1.9)44? 3 20 53ofho5 6.35

to 10 7.445 2 3 21 %6.59 Got
is1 30.895 8.04b 3 It 60.65 4.1

112 38.0265 8.04 6 0 -3 233
t 13 354556 8.0144? 4 1 4
1 14 30.1035 1.9?333 6 a 4.4895 6.50

Is 150.013 1.9 4 3 9o.Z49 5.12
114 43.4425 1.01461 6 11.2915 5.44

IT O7WE97 1.72333 4 5 14.515 6.1
to1 46,1015 1.63333 4 6 17.1475 t.4&
it 191.331 1.5346F 6 7 10.177 6,9
to 80 5 ft9S 1.o5 4 6 22.4065 7.15
at 2 6.59 1.36647 4 9 25.036 7.45

1 8 40.45 1.3664.? 4 19 21.6455 1.73
80 .3 1.33)33 6 11 30.895 7.I5
81 4 io?3333 4 it 32.9245 7.7

a 6.4295 8.15)32 4 13 3%o.554 To7
83 9.859 3.5 4 14 36&1039 7.7

6 8 11.00052o.93333 4 Is 41.813 7.7
s 5**$.1$ 3.1 6 1 *3.*448 Toy

8 417.145 3*33333 4 1746.613 7.7
8 9173656,66? is 100.70To.

a MOW.06 3o?333~3 4It 51.331 T.g
It 9 25.436 3.07333 to8 53#9645 7.62
a I 27.6455 I% 48 5459 7ot5

4 Re 00.45 6e?
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TABLE iX 155 MM SHELL, M107 (M51A5 FUZE). COMPOSITION 8 FILL. CALCULATED SCALED
MASSESAND POLAR ANGLES 121 MICROSECONDS AFTER INITIATION

ps K L W6(MASS/2w, GRAINS) %9(m3*j1/L)
1 1 4.t05502 0

1 32.4402 3,37265
3 1 64,880 25'ans684 1 1 226085V 54.Sb8
5 2 3 109.10S 73,9444
6 3 3 12S5SO? 82.3255i 4 3 143*915 83.9218853 160,392 85,0536

0 3 174.13 86,6071
1 3 183.516 89,0314
a 3 203.406 90.7566

12 9 224.10? 9101007
13 10 3 240.752 91,9013
14 11 3 233*52b 949527
15 12 3 227.160 97,51?9
16 13 3 234.781 1009446
1? 14 3 251*230 1020447
1i is 3 276b638 103.568
19 16 3 30S.338 103.874
20 17 3 335.43 103.814
21 is 3 367.62* 1030511
22 19 3 414096 1039122
23 20 3 504985 1139303
24 21 . 446,740 148's
25 21 2211.511 173,842
26 21 1 56,523* 1771?69

42
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NOLTR 74-77

TABLE X 155 MM SHELL, M107 (M51A5 FUZE). COMPOSITION B FILL, CALCULATED WEIGHT
CONTRIBUTIONS OF MASS POINTS TO 5 DEGREE POLAR ZONES, 121 MICROSECONDS
AFTER :NITIATION

4SS PT POLAR ZONE dT 1 70U4E(GRAINS)
1 342.114

a 1 3142.72
3 1 4669972
3 2 1434,76
3 3 1434,76
3 4 1434,76
3 5 1434.76
3 6 79.4232

4 6 3517,6
4 7 3723.73
4 S 3123073
4 9 3123073
4 10 3723.73
4 11 J564196

S•11 117.b28

SS 12 2756.65
5 13 2?bS.659 14 275de,65

S is 2a16.22
6 is !44S.23
6 16 6806'e?

6 17 3969.28
1 17 13942.1
I 17 14602,6
6 1i 7!50808
9 is 1686b92

o0 1i 11178,6
11 is 1106Z,2
11 19 8643.27
12 19 21710.9
13 19 233J3.4
14 19 22623.3

is 19 3163*35
is 20 19044.1
16 20 I96951l
16 21 395;070

1? 21 24339.4
is 21 26?9.)9,
19 21 29b1003
20 21 324S5.5
a1 21 35633.8
22 21 4011607

23 21 1060869
a3 22 29719.3
23 23 1900o.?
24 23 2069.65
24 24 6096.17
24 25 609.17
24 26 6096.17
24 27 609601?
24 28 6096.1?
24 29 6096.1?
24 30 4633.16
as 30 991.s56
2s 31 4091.29
as 32 4091.29
as 33 4001.29
as 34 4091.29
2s 35 3143.54
26 35 1650.23
26 36 3625.6
27 36 604,49
27 37 0

TOT METAL UTy 61.1606 L64 566264. GRA14S)
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NOLTR 74-77

S'1

TABLE XI 155 MM SHELL, M107 (M•5A5 FUZE). COMPOSITION B FILL. CALCULATED FRAGMENT
WEIGHT, PERCENT OF TOTAL METAL WEIGHT, AND AVERAGE VELOCITY IN EACH 5
DEGREE POLAR ZONE, 121 MICROSECONDS AFTER INITIATION

POLAR ZONE METWT (GRAINS) PCr 4Y WT AV VEL (FT/SEC)

1 4002.53 .704343 1159.46

*2 1434.76 .252091 1304.8
3 1434o7b *Z524Rl 1304o.
4 1434.76 o2524Rq 1304.8
5 1434.76 .252 4 91 1304.8
6 3591.02 .b32Yq4 1226.31

7 3723.13 .bb6e42 1224.6
8 3723.73 5,5292 1?24.6
9 3723.73 .65,292 1224.6
10 3723.13 .b652R2 1224.6
11 36d2*59 o643041 1341.51
12 2758.65 .405*53 4886.54
13 27do.b5 obb53 4886.54
14 2718.65 .483453 4886.54
15 3621.46 .b37?ZS4 694.0O
lb 6845.27 1.20459 4404.2
17 32612*.9 5.03904 4168.52
18 46%45.B 8.173?7 4385.2f
19 79464.3 lJ.9837 4405,34

20 37729.3 b.63938 4810.fh

21 203634* 3ý*b345 3594.7b
22 28179.3 506442 ?245.9b
23 21078.4 3.70926 ?233.1
24 bO46617 1.07271 2115.02
25 6096,17 1.07277 2115.02
26 6016.17 1.07277 2115#02
27 6096.17 1.07277 2115.02

s8 6096017 1.07277 2115.01
29 6O96.17 1.07277 2115.02
30 5615.002 ,id1 2206.7
31 4091,29 .719962 2639.32
32 4091.29 ,719962 2639#31
33 4041929 '719962 ?639.3d
34 4091,29 .719962 2639.32
35 4993.U7 .878794 3372.22
36 *310*0B ,765465 4615.4
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NOLTR 74-77

TABLE XII 155 MM SHELL, M107 (M51A5 FUZ2). CALCULATED NUMBERS OF FRAGMENTS IN
VARIOUS WEIGHT RANGES IN EACH 5 DE.GREE POLAR ZONE, 121 MICROSECONDS
AFTER INITIATION

60.065 3.i 0 64*3 4 6.6491.

.,*T$ .413 = 6s*0 9

1. I 3 .454404,9

* .3*o~' 4974 * ~$73 3.43745a Is 1.46449 3.4

30.4014 *I706 30.6020 83.1441 toS45 314

331344 4..6.3 7 k...469 534.33 13 steel .49as 1-6116 1*.6504 M.84047 e.7045as 5.8139 5j94
39Z475 ~ 34r .54 .43 S6 5.9441 63.4)

89~~ 30..43 1400 ,o43 Go.44 as: 9.4

58 7.3 ' 1.003 2.9 73.9 715 33. 40 3.04 'S
693 3 w. 010) .19 3 1494 5).5)7

44 .. 9.4 *3 447 3.6474a 601 38 .3 446
74 0.474 3.4)4 4.644 3.,573 8 3.13 69 4

3)S3.4 03. 6 1.0,04 1 390.) 435 49
* 33 1.4140% 4.54fls .94.0 1 d.79319 .44 .97

58 3.47 ~ 610943 .00 5.0011 2.691414.469 3991

30~ ~ 0.19 4. 1 49 5.0011 4,39#04'76 499

1. 6 9% .51454 8 659 ) *43 1.351 30

O 995i 3844 6464 0.33051?

4.03349 4.30394 6.926*0 0.97476

30 S7.499.6 S.3.16 47.0744 47.3)037

34 .4'414 43.1460 44.1349 23.1309
34 .4425 3.3.o, 33.116 6P.11663

19 5.943 4.944 67.6679 47.493
86 0.535 43,64 4.0334 3.61919

836)401s *50.130? 14.0304 6P.6961
0591389 43. "'I" 45.74 4*.0243

83 0.40 'T.349 30.3469 14.66
8413t.30 3:.097 34.03 4.46313

05 34.935~~~':3 5.07 1461 44931O 34.3353 ?g.07 I406 X.46

303 .9 5 30.0 10 34. )3 . 4 )
* 39 34.003 4.0 341009 4.40617

so 334;4 3.8054 33.6798 2.46703

33 54.9~ 7.4o31 7~945 J cop8
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Appendix A - The Fcagment Prediction Code

Table AI is a complete list of the computer program, in

BASIC. A set of noteg, which explain what the various statements
do,is In Table AII. Table AIII is a list of variables, together
with the quantities needed in the dimension statements.
Figures Al-A3 illustrate descriptions in the notes. The particular
weapon treated in the program list (Table AI) is the 105 mm, Ml
shell. For other items, which do not have a curved base, the
input is somewhat simpler and some of the statements can be

removed. Talle AIV is a list of the input statements. To run
the program for a particular weapon one proceeds through this list,
providing the necessary data at the listed statement numbers and
removing or bypassing any statements that do not apply. Parts of
the prograri, for example, the initialization to get values of the
scale factor X , or the fluid dynamics, can be run by inserting
appropriate bypass or exit statements. Output statement3 are

listed in Table AV. Since all the statements in BASIC are numbered,
any of the output can be bypassed by inserting a GO TO statement
at the appropriate place.

It will be seen in Tables Al and AV that there are provisions
for output in formats neec' hy lethal area programs. For the JMEM
lethal area progr'am, the :iec<4sary calculated quantities are put
on tape, from vhich a c -... 'ck in the appropriate format is prepared.
The FORTRAN program which determines how this card deck is made is
listed in Table AVI. For the AMSA4 lethal area program, the
nec3ssary input quantities are listed. Provisions for getting a
card deck for this program, and for machine plotting of any of the

output, could be added by putting the needed material on tape and
using aux~llary FORTRAN rcutines.
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TABLE A-i BASIC PROGRAM LIST-FRAGMENT PREDICTION CODE

01000 PRINTE-105 MM=-
60.01 P9u3.141592bS
01020 P6aZ*p9
01030 Q9ZP6.15*4185
01040 PTu5*P9/180
01050 PB*Pb/454
01060 REM 40O. OF STERADIANS IN POLAR ZONE
01070 FOR Jbs1 TO 18
010eo Y8(J6)=Pb*(COSU(Jb.1)*p7)-COS(J6*P7))
01090 Y8(37-j6)=YtiJj6)
01100 NEXT Jfi
01110 J9=10
01120 T7=40
01130 T4u150
01140 TluO.3
01150 E821ol
01160 N4z20
01170 N5z7
01180 N68200J
01190 N~zl
01200 K4=
01210 R2x4
01220 R4=7984
01230 C3=2
01240 E?=IE-10
01250 D0120
01270 R020
01280 Z0220
01290 L1x3
01300 KI=21
01305 REM- ---.--- "-BRI46 IN EQUATION OF STATE C0O4STA4T5
013i0 GOSUH 08'450
01320 PRINT=KI=u-K1.=L.1u=LI9=K~wK4
01330 PRINT=J9aiJg
01340 PRINT=Tlx=Tfo=-T4u=T4,j-Tiu-Tl ,iE~x=-E8,iM=uNS*5
01350 PRINT= 62=N69=E~u=E7
01360 PRINT=Rj=RniRZj4u=R4
01370 PRINT= OsiRO*. ZOxZ0,ý-Dl=u=D1=FT=
01380 DIM N3(37.101,9J7(37,1O),M1(27),M(10),N(27,10)
01390 DIM W6(27),A9(2?)*Q3(27)
01400 DIM W7(37931)942(2?.10),W5(37,10),w8(37),w9(3?)
01410 DIM N8(37).Y8(3?),Y9(3?),M6(37,103,Q6(37,10)
01420 DIM R(23,71,Z(23,?),Rl(20,5),Z1(20,5,
01430 DIM R2(2397)
01440 DIM W1(2095)#W(239?)
01450 DIM w3(2397)
01460 DIM U(23,7),V(2397)tV1(20,5),V5120,5i
01470 DIM O1(2005,9T3(20,5),C2(20,S),P2(20,5,Z-2(20,g,
01480 DIM Y(36)#Y1(36)tF(20) oUT(21)#V?(21)
01490 DIM S8C21)vR3(2I)9Z3(21)9P3(21)
01500 DIM R4(2I)9Z4(?j)9A1(20#51,,K9(?j)

01520 Z(KI9Olu35*l
01530 Z(OO)8-3*lb
01540 Z(190)aO
01550 L(KI.1.0)=33.9
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TABLE A-I (CONT.)

01560 REM-------------- ------------ INIT IALIZE Z (Kv.0)- -- f- -- tet

01570 FOR Kai ro KI
01580 Z(KtO)oZ(1O)*(Z(KltO)-Z(If.O) (K-I)/(KI-1)
01590 NEXT K
01600 REM ------ .----- INPUT SPECIAL Z(K90) VALUES --- .-.-.---..
01610 Z(2O9O)I32.9
01620 REM ------------- -14PUT R(K9Ll)oR(KL*I) --------..
01S30 GOSUB 09960
01b40 REM ------------.-.---. IPUT SPECIAL R(K.L1)*R(K.L1*4) VALUES--$...
01650 GOSUB 10010
01660 REM --.----------------- INITIALIZE Z(K9L)# R(KL.L....-.-..------.. -
01670 FOR Kan TO KI#1
01680 FOR LaI TO L1+1
01590 Z(KoL)=Z(KO)
01700 NEXT L
01710 FOR LaI TO LI-i
01720 R(KtL)xR(K*LI;OL/L1
01730 NEXT L
01740 NEXT K
01750 REM ------------------ I1PUT SPECIAL Z (KIL) VALUES-.--...--- . --. -
01760 Z(KI.2)z34.b2
01770 i(KILI)333.87
01780 "(K19LIl1)=Z(K19LI)
01790 REM --------------. -WEIGHT DISTRIBUTION INPJT --------..-----------
1000 GOSUB 214t0
01910 REM ---------- PRI1T CASE DIMENSION INPUT- --------.. --.
0120 PR1IT ZLzt=AEZ~g=Rz
0130 FOR LaO TO L1#1
01940 FOR K=O TO K11
01850 PRINTLKvZ(K*L),R((KL)
11460 NEXT K

dt1170 NEXT L
J1475 REM
01980 REM ------------- w I4 TIALIZE R3(K) -Z3( ) .....................
01990 GOSUB 110*0
01400 REM--.--.. ---------- .. -- SET Z FOR LIGHTI4G- ----............
01910 ZsL(K•'10)
01920 REM --------- 14ITIALIZE ME AND FUZE ,ENSITIES -------------......
01930 G05US 07190
01960 REM ------------------ C0OR OF ZONE CENTERS9ZONE MASSES ---.-..----
01970 FOR Kul TO Al-1
01980 FOR LaO TO LI-I
01990 ZIf(KL)(Z(KL).Z(K.I1L).Z(K*IL*I)*Z(KL*|))l'4
0200 I(KL,=(R(KL)+R(KsI1L)*R(K*'1LI)*R(K.L*I))/4
Q2910 GotuJ 07300
02020 GOSUR 07390
02030 Wl(*.L)aW5
02040 NEXT L
02050 NEXT K
02960 REM -------- INTERIOR GRID POINT MASSES- ---- - .......
02070 FOR K=2 TO KI-1
02080 FOR L=ITO LI-I
02090 GIzZl(K-1,L-|)
02o100 HIR1(K-19L-1)
02110 32xZI(KvL-1)
0?120 t2=3R1(Ki.-t)
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TABLE A-1 (CONT.)

a 02160 44=R1(e(-19L)
04170 GOSL~d 07390

02190 NEXT L
02ZOO NEXT K(

021 E --------------- ASSES OF INTERIOR AXIS POINTS-w..---ftm.'
02220 FO Kne ro Ki-1
02?3f) L=O
02240 GOSUd 08091
OZ250 'IOSUS o7390
04260 O(I(,L)zw5
OeP') GOSUd 081b16
02R40 GOS~sd 07390

02100 NEXT A~
32311) REI------- MASS CORRECTIO'd AT FUJZE-HE 03NR ----------
od3ao IF K4=4) THENd OP.3r

0e34tJ FOR? LzO TO LI-I
1i23SO W(KvL~z(.42/R3.1V*Wg(KL)12
02360 NdEAT L
023~0 4E!4
023dO REM4 ----- --.- A MASSES ASSOC WtTmi 14ETAL
02390 FOR K=2 To 1K.1j
UdI00 L=' I

0e420 C30SU*I 0?390
32.30) #J(1(,L?uWS
oe.*0 G0SUd 983b4o
02+il GQS5ti -)390

02413 NEXT K(

0~~1419 CLI~oTIN02

je2. FOR4 LCI TO LI-I

iqdqi* 33stJS o0i90
ozz.50 iaSt)4 ITJ90
OL~bO WsIK90L845
OeS1 G0SU4 08360
0 -83 GOSUJ4 0)7390

O&OO0 NEXAT L
ae~j~ ~ Li TOLl-1

Oe4 GOSU-1 37390

02sbo (OSJ6 as~??
02~ ýi'SU3 *3V39')
o2sdo v3(K)Llx03(K*L3.a#%

49



NOLTR 74-77

TABLE A- I (CONIT.)

02694 NEXT L
02700 K
02110 Lao
00720 GosiJ 08440
02730 40SJ8 '17390
OE740 03(I(,L)u.d
04751 LxLI
02760 GOSLIS 08360
oilTO GOSLW 01390
01780 W3(K*L)=*S
02790 Ks(1
02qO0 L=Oi
0?910 GOs~aiJ8 818
OZ820 G0SUS o734o
OZ930 W3(K*L)zWS
02940 LuLl
029So GOS&J8 0827

*02960 Gosui 07390
02970 tV3(K*L)xWS
U98.0 RE" ------------ --- 4ETAL 4ASS PONS--------
G2390 FOR 'no TO Li
02900 R2(0#L)sR44
02910 RVK'1,L)AR4
b24?0 ICXT L
02930) F0.4 i'l TO K1-1
0?9*0 q2(KtLl)aR4
02450 NEAT K
02460 KxG
OZ470 L90
02940 G05iJ3 07ýLl
n2990 GOSUB o739A
03000 1,~a(~0.~.
03010 FOR4 Lul TO LI1-
039ap (sql
03030 GOSUa 07?.30
03040 GOSUS 07390
03050 W(ltL)mwilLJ.d3*W4
03060 G0SUSO7820
aljo70 GOSUI 37392

a030d0 W(l9L)sW0,L)*43#W4
03390 NIEXT L
03100 Ka0
03110 LVLI
03120 GOSWI 07300
031s0 GOSdi 07390

04iJ.1 Gosud 371420

03160 -:OS'jd 0790
03170 vl(l9L1!8W(a.L0*t'3*W4
03160 Kai
03190 GOSti4 08000

* -o3200 GOSiJ9 07390

03Z20 FOR 4=2 TO F.1g
03?30 LaLl
03?40 GOSUB 0?91u
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TABLE A-I (CONT.)

03250 GOSUB 07390
03Zb0 O(KtL)zWtKtL)*W5

*03270 60508 08000
03280 GOSUR 07390
03?90 W(KtL)xw(KtL)#w5
03300 NEXT K~
03310 KuKl
033?0 L=Ll
03330 GOSUI3 07300
03340 'iOSUd 07390
03350 W(K*Lezw(K*L)#jS
03360 60508 07410
03370 GOSUB 37390
03380 W(K*L)zW(KtL)*OS

03400 GOSIJS 07390
03410 W(K*L)ew(KvL)*45
03420 (Ki~
03430 FOR Lai TO LI-i
03440 GOS'JB 07730
044S0 605US0 7390
03460 W(KtL)*W(KL)+WS
03470 GOSLIB 07020
03480 60508 07390
03490 O(KoL)sW(KtL)+*S
03500 NEXT L
03510 L=O
03520 50508 o??3o
03530 GOSU0?0390

*04540 W(K*L)xW(K*L)405
03550 REMa ------- ----SPECIAL BASE END 1METIL '4ASSES--"--ý-fv~w
03560 3OSOB 09110
357o REM
03610 REM---------- PRIVT Z014E CENTERS AND 4AASES -----.--
03620 REM ------ PUIT INPUT PRINT OJT BYPASS HERE----...,- w.-oa.
03630 PRINT= K=-9=L=, -l(KLi,2t-ZI(KOL:,-9WI(KL)
03640 FOR K=1 TU -
03650 FOR Lao TO Li-i
03660 PRINT K9LvRi(K#LJZ1(K#L),Wl(KcL)
03670 NEXT L
03680 NEXT K
03690 PRINT
03700 PRINT ý-~t-=o-(*)-O-(t)--WKLz

*03710 FOR Kal TO K!
03720 FOR L*O TO LI
03730 PRINJT K9L9R(K9L),L(KvL)v4(K*L)
03740 NEXT L
03750 NEXT K
03760 RE4-e-e------eee -- C 1 ASO SCALE FAC TOR ------------------------
03770 PRINTEC/M AND) SCALE FACTORE
03740 PRNT~xuS1.DI..(1/3)/(1+2.C/4,E
03?90PRN
03800 PRI NTEK #=Z (K 90):-' =14 CCK)E jC/,42t CN (IN***/3)j

*03910 FOR KalTO KI
03R20 Y4sR3/R4/U(R(KtLl*1)/R(KLI)).e2.1)
03830 YSS(R(K.Ll.1).R(KLl) )@QfKL1)**1/3)/(1.2.4,e.36355
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TABLE A-i (CONT.)

03540 PRINT K9ZiK0o)R(K9Ll)vY4.Y5
039b0 NEXT A(
03940 REM ........ IITI&LIZE NoT .
0370T0
03880 T-(Zt(u4*1,O)-Z(K4*+lO))/9
03890 '4 - -. --. --- Y4ITIALIZE V19E29FOR Kul TO K4 ------------..-
03900 F01 Lao TO LI-I

-'039i0 FOR Kul TO K4
03CZO VlfKqL)%1
03930 E2I(K#L)O
03940 NEXT K
03950 RE. --- ITIALIZE Vl9E29FOQ KOK401 TO K•*I...........
03960 FOR KBK4.l TO KI-1
03T70 VI(IKL)sa
03980 E2(K9L)uEI

* 039,) NEXT K
04000 VCXT L
04010 REM---............. INITIALIZE J-V-.......... ...
04020 FOR Kul TO KI
04030 FOR Lao TO LI
04040 dt"oLlu0
04050 V(elaou0
04060 NEXT L
0 04f70 NEXT K~
40oe REM
04093 REM ....... INITIALIZE INTERMEDIATE SLIDE PTS Z4(K)94oK)-........
04100 FOR Ka2 TO KI
04110 K9(KjsK.i
04120 k4(K)v1('(,L1)
04130 Z4(KJUZIKOL1)
04140 NEXT K
4145 1Sz01*3040804150 REM ---------------- E4RQGY C"EPK .............. o ...
04160 G0SV@ 11400

0417O EM -....-..... FLUIO DY4I4'S - MAIN ROUTINE
04180 N-N*t
04190 IF T2T4 THEN 11970
04200 IF W)1N6 THEN 11970
04210 TcT+Tl
0(,20 EM -------.--...... K3 FO LIMITEDT-
04233 FOR Ku(1-I 10 1 STEP -1
0240 iF(OOToZ(K.0.Z1),OTMENO*260
04250 G0 TO 04260
04?60 'u3K
04270 Kul
04280 NEXT K
04?90 K3aK3*S
v4"O0 IF K3vKlwI T4E4 24320
04310 30 70 04330
q4320 K3xKl.1
04330 REM
04340 PRINTENmSNoST=ETo•K3m•3
043S0 REM ---------------- NEW POSITIOMS ------- w----
04360 REM ....... R,---- Z FGR K3CKIIw . ..... o .....
043T0 FOR Kul TO K3
04380 FOR Lx* TO Li
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TABLE A-1 (CONT.)

04390 Z(KoL)=Z(K*L)*TI*UfKL,
04400 R(KtL)XR(K*L)*T1*VcKtL)
U4410 NEXT L
04420 NEAT K
04430 IF K3<K1-l TIEN 04490
D 4440 4E4 ----------------a---------1 FOR KUI------a-----
04450 FOR L0o To Li
04460 Z(K1,L)=l(Kl*L)YIl*UCK19L)
044.70 R(KlvL)zACKIvL)*TI*V(KI9L)
04.480 NEXT L
04490 REM
04500 REM------- a-------- NEW POSITIONS OF SLIDE PTStZ3(K),R3(K).---
04510 60509 102'00
04520 REM---------- CELL CENTER VARIABLESm --- --..--- ~
04530 FOR Kai TO K3
04540 FOR Lao TO LI-i
04550 P=P2(K*L)-GI(KL)
04560 V5(KL):V1(KoL)
04570 REM--------------- --CELL CO)RNERS FOR V'1(K*L1-l) CALC------m--------
04540 IF LzLI-1 THEN 10660
04540 50509 07300
04600 GOSU8 07390
04610 V1(KsL)u(V3+V4)*R2(KvL)/Wl(K9Ll
04S20 Al(KLJ:A3*A,
04530 V6x(VIIKL)-VScKL))
04640 V7aV6/T1
04650 V8z(Vl(,KL)+VS(K9L,,,Z
04660 v9=v7/vb
04670 IF V9>4 THIEN 04700
o'.so01 I(KL) :C30C3*R2 (KL)' (43.A4) 0V9*V9/VV
04690 GO TO 04720
04700 Ql(KoLlgU
04710 REM
04720 REM --------------9URN FUCrION ----. ------.....04730 IF ý(KI-ilal T4E% 04760
04749 IF L=0 TIEN 11740
04750 REM --------------EQ OF STATE ROJTINE CALC P29E2,C2 --.--- a.....
04760 60509 08450
04770 RE#*------------------------- TIME STP---------
04780 REM------------------ TIME STEP FOR EAC.4 CELLoT3(KtL) -------.- ~
0479O IF L=L1-l ThEN 04830

04923 GO TO 046*0
04430 S3u(Z3(K.1)-Z((.L) J**2.(R3(K#I)-RQKtL))e
0~494 S42(Z3(I()-Z(eC*19LJ)*024(Q3(KU.R(K.1,L) ..Z
044SO0 IF S3cS4 TtIE4 04080
04960 S5=54
04910 GO TO 04890
04980 55=53
0%4390 SS=SQRIS5J
04900 IF V93-0 Te4Emo493O
04910 9s2*C3*55*v9
04920 GO TO 04940
04930 3zO
044940 T3(KsL)=S/3/S2R(Ca((,L)+d.d)

53



NOLTR 74-77J

TABLE A-I (CONT.)

04950 NEXT L
04960 NEXT K
04970 REA --------------- NE* T14E STEPS TiT• .....................
04980 T6sTI
04990 TSuT3(CIO)
05000 FOR KxI TO K3
05010 FOR La0 TO LI-i
05020 IF T3(KtL)-TSC0 THEN 05040
05030 GO TO 05050
05040 TSaT3C(KL)
S0050 NEXT L
05060 NEXT K
02070 IF TS>E8@TI THEN 05100
05080 TIaT5
05090 GO TO 05110
051o0 TiuE8'T6
05110 T2:(TI*T6)/2
05120 REM ---------------------.. Z4 FOR SLIDING ------------------......
05130 GO TO 11090
05140 RE .---------.--.---- VELOCITY OF INTE4IOR POINTS- ---------------.
05150 FOR Ku? TO K3
05160 FOR Lai TO LI-i
05170 REM -----------..---..---- CYCLONE ACCEL FORMULAS ...................
0180 GO TO 10830
05350 NEXT L
05360 NEXT K
05370 REM-.----..-----..--- VELOCITY OF AXIS INTERIOR POIVTS --------------
05380 FOR K:? TO AI
05390 RI(K-100)z(R(KoI,0),q((,O).R(Koi),R(K-1.i))/4
05400 ZI(K-1,0)a(Z(K-I,0).Z(K*0)oZ(K*I).Z(K-1.I,1/4
05410 NEXT K
05420 Lx0
0S430 FOR K=? TO KI-1
05440 GOSud 08090
05450 GOSUS 07390
02460 91Cv3.V4
05470 GOSiJ 08180
02480 GOSUa 07390
05490 1Bl81*V3*V4
05500 42XZIK*I*L)-Z(K-19L)

05510 U(K,0):U(K.0,)T2*•1•2*(P2(KL)-P2(K-|,L))/W(KL)/92
05520 V(Kt03)0
05530 VEXT K
05540 REM--.-------------- VELOCITY OF METAL MASS *0INTS-.--.....---m..--m.
05550 REM ------------------------. U(10)#V(1...)-----------...........
05560 BIzR(lI)/2
05570 U(1.0):U(C10)-T2e*1lSlo(3*P2c(10)wP2(290))/4/W(1,0)
05580 V(lO)uO
05590 REM ------------------- JV FOR (21 LuI TO LI -I-.---.--.---a-------.
05600 Kjl
05610 FOR Lal TO Li-1
05620 P4x(PZ(K9L)#P2(K9L-I))/2
0iS30 P3xfP2(K+I9L)+.?(K*19L-1))/2
05640 PS=(3*P4-P3)/2
05550 S ia(R(KL).RIKL-i))../,
0560 82u(R(K9L)*R(KLe|))*eZ/4
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TABLE A-1 (CONIT.)

05670 d3u(3*Q(KL).R(9(,L-11) )(Z(KoL)-Z(KLol))/8
otpb80 34a(3*Q(KL).R(9(.L*1))*(Z(KL.1)-Z(K.Ll)/8
05690 .j(KLIaU(Ko.)-T2*(32-81)*P5/2/d(KL)
05700 V(KL)uV(KL).T2*143384).P5/W(I(,L)
05710 NEXT L

05720 RE~m -------------- "-e.. UV FOR ~
05730 Kal~ .L.(.-I)*/

05740 LuLl

07083s(3*(I(,L)*R(K9-1L) )'((K1.).(KL)
05860 d4w(3R(K#L).R(K*1L.))*(zK,)-(,L1)/
05710 V1,LI ):V(1,L1).T*844OZ1L-)WK

05840 P3(K31)=UP(KoL*5(3.L -81) 2loll

05790 83E --*QEXTLRAP#LAT1N PQ P(K19) AT SLDE 8
05970 LuILl)Vll)T*3*4P21ll/WKL
05920 ORE ------ TO ----- --3 31
05890 P3z(lP2(l9(L-1).P(-,-)/
05900 P3(P(K3+L-s2(KP2(K-1,L2)/

05920 REP ---3T(KLT04FRP3K T LD PS-5aoW
05930 NEaTK
05940 FOR Kx2 TO K(3

05950 Jal~xP

05460 OSUSGN(Z(K.LI) 4SS(J)*R(KLl)-SS(J3*R(JLI.1)WZ(JeLl-l))
05970 D6USGN(Z(KLl).SB(J.1)*R(KLI,-SS(J.1)*R(J.1,LI-l).Z(J.1,L1-1)I
05980 IF OS<>Db THIEN 060S0
05990 a5sso

06019 IF J>KI-l THEN 06030
06020 GO TO 05970
06030 Go TO 19750
06940 GO TO 11970
oboSo OYSSQR( (Z(KOL)-Z3(J) )*0 2.(R(KL)-R3(J) )0*2)
06060 DOSSOR( (L(KOL)-Z3(J.1fl**2*(R(KL).Rj(J41))*OZ)
06070 P~sP3(j).D?*(P3(J.1).P3(J))/(O?.O8)
06080 83z(R(K-l9L)4R(9(,L))**2
06090 84z(Q(K.1,L)+Q(K*L))**2
06100 BsaT2/9/*(9(,L)
ObI1O U(K9(L)wU(K9L)*95*(d.3-4)*PS
00120 RE"
06130 REM
06140 d3m(Z(KvL3.Z(K-19L))/2
06150 d4x(Z(K*19L)-Z(K*L))/2
06160 35w(3*R(K#L).'R(9-1vL))/4
06170 dbs(3*R(9(eL)#R(K*19L))/4
06180 S?78(3*B5.84*@6)*T2/0(K9L)
0b190 V(KoL)*V(KL)*37*P5
0620)0 NEXT K
06210 IF K3=Kl-1 THE~4 06230
06220 GO TO 06350
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TABLE A-1 (CONT.)

06230 REM

0624;0 KnORKUi

06260~ LBO
06270 diuRCKoi)/2

* 0('280 REM9
*06290 UIx(3*u2(Kj-.0).wcI(i.2q0))/2

06300 U(K9L~at(KL).T2*diogl*P5//Z,(,9L)
*06310 V(K#L)so

06320 REM ------ ----U, V FOR KEKi ,Lui TO Lioi ---- om-t
06330 FOR Lot TO Liw1
06340 d2stR(K9L)oR(99L~i),..2/.
06350 d3x(R(KvL).-R(ICL-1))*e2/4
06360 P4u(P8(K-19L)*P21K-1.L-11 /2

*06370 P35(P2(K-2*L)*02(K.29Lwifl,2
Ob380 d5c13*P4-P3)/2
06390 U(K.L)uUIK.L)*(8Z-83,erz.95/wcKL,/2
06400 B3at3eR(KeL).R(KLoi))OIZ(KL).Z(K,~.i))/g
06410 843(30R(K.L.R(K.L-1))*(ZK.L-I)wZ(KL))/e
06420 V(t)VK6#804)dO2WKL
06k30 NEX~T L
06443 REAft ----- t --- - -- --.U9V FOR K~
O6450 LuLl
06460 ut(:i)Re(L).,
06470 94w(R(KL)*R(K9L-iJ)**2/4
064'40 85x2/2W(KL)
06490 (9~i9t.)xU(K'L).(i93-d4)002(K..jLoi)*65

A06500 63(*(o)RK1L)*ZKL-(-*)/
06SIO1 84(3(*R(KtLJ.R(KeiL-O(Z(KLwI)aZ(KL))/g
06520 i;KtL)uV(KL * (93*d4)*PZ((wi.Lwi)elzfd(KL,
06530 REM
06540 REMt
06'-50 RE"- -------- ------ OLOW VARIABLE PRINT ROTN -----
06560 IF Nel TIIENU6590
@6570 IF T)-*T?*IN7 THEN 06590
06S80 00 T0 07130
06590 IF N(N4 THEN 06610
6600 GOSUs 20020
06610 PRINT =N:'oT=*Tl=Tt-~ýT
06620 PRINT
06630 REM FOR FLOW VAR74BLE PRINT BYPASS
06640 RE~w --.--ft--- 00 TO eNO OF FLOW VARIABLE ROUTINE.-..w
06650 RE4l
06660 FOR Kai TO K3
06670 PRINTE~azK, F(')u4PU(K) e=VELO=SQR(U(KLi)**'>.y(K.LI)0.2)o32.Os
06580 PRINTiL=_,=Z7=r:f2"qJS,4V!
06690 FOR Lae TO Li
ObTOC' PRINT L9Z(-.'L)qR(K9LlIJ(K9L),v(K*L)
06710 N4EXT L
06720 PRINT

06740 FOR LaO'To Li-1
00750 PRINIT L.P2(K.L),0j(KL).V1(KL),E2(KL)
00760 NEXT L
06770 PRINT i.tzL5,5T3(KL)~,:-=C2tKL):
06780 FOR L;OTO LI-I
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TABLE A-1 (CONT.)

06790 PRINTK9LtT3(K*L)9C2(K*L)
0b9DO N'EXTL
0ob10 NJEXT K
06'920 IF K3<)KI-l TH4EN 00200
06430 K=KI
0bS40 PRINT=K=-ýK

o')q60 FOR Lae TO LI
C balo PRINT L9L(K9L),RCK9LI9J(KtL)9V(K9L)

06980 NEAT LJ"
06890 PRINT
06900 PRINT
0b~i0 PRINT
ob920 PRINTz z9-R==~zz~
06930 FOR Kul TO K3#1
06940 PRINT (,R3(K)sZ3(N%)9P3(K)

* 0950 NEAT K
0b696 PRINT
o6970 PRINT-zK=,t=LS,9VEL4FT/SEC)=
06980 Kul
00490 GOSUB 11920
07000 IF K3<Kl-l THE4E 07030
07010 K=K1
07020 GOSUB 11920
01030 REM
07D40 PRINIT =KtK((=;R()-zZ()Z=S(~
07050 FOR KnITO K(3+1
97060 PRINT KK9(KstR4(K),Z4(K) #Sd(K)

07070 NEXT K
07080 REM ----------- wEN3 OF FLOW VARIABLE PRINT R0UTt4Eww-m*--- -m-
07090 IF N21 THEN 07130
07100 N7zN7,1
07110 IF N7:=NS THEN 11970
071 20 REM ----- -------RGMRY CHECK----fma----
07130 c30SUi 114J0
07140 REM ----------- RETURN4 TO SIART OF MA1rI R 0UTINE-w--a - -ow

07150 REM
07163 00 TO 04180
07110 REM

* 07180 RE~M
1199 REM w------------- INITIALIZE HE AND FUZE CELL DESTE--- - --

07290 FOR Luo TO L-1
07210 FOR Kul TO K(4
01?20 R2(K4L)uR2
01230 NCXT K
07240 FOR (=K4*.1 TO (1
07250 R2(KtL~sR3
07761 NEXT K
01Z70 NEXT L
or28o RETURN
07240 REM .------------ SURROIJT&NES FOR MA~VLMtR~~-wwýf~~
0 041) Gl J1 (KL)

07310 P41uR(K9L)
07320 GSZ(K+1#L)
07330 112=R (?P+190~

C00340 032Z (Kol *,ý*I)
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TABLE A-I (CONT.)

01350 113xR(K*19L#I)
* 07360 048Z(IK.L+I)

07370 H4uRCKoL+1)
07380 RETURIN
07390 X1=61
07400 YINII
07410 X2x62
07420 Y2wH2
07430 IF K<KI/2 THEN 07470
07440 X3aG3
07450 y3AH3
07460 GO TO 07490
07470 X3a64
01480 y3=H4
07490 GOSU8 07650
07500 V3avZ
07510 A3=A
07520 W33W
07530 IF ~K<K/2 THEN 07570
07540 xXuG4
01550 Y2="4
01560 GO TO 07590
07570 XI=G3
07580 YlmH3
07590 GOSUB 07650
07600 V4ZVZ
07610 A4xA
07620 W4=W
07S30 W~uW3.04
07640 RETURN
016S0 Ab xX1*Y2-X2*Yl
07660 A7uX2*Y3.sX3*y2
01670 AiICE3*Y1-Xl*Y3
07680 AUAdS(A6*A?+A8)/2
07690 Rx(Y1.Y2*Y3)/3
07700 V28A*R
07710 WaV2*N2(KL)
01720 RETURN
0173o GISZIKL)
07740 141 WR K 9L)
07750 62XZ(K*1.L)
07760 M28R(K*PtL)
01770 G3m(Z(,'.1,L,1).G2)12
07780 43*CR'(K*19L.1)*H2)/2
07790 G42(Z(KqLol).Gl)/Z
07500 H4=(R(K9L.1).e41)/2
07910 RETURN
DTR20 GluZ(KtL)
07830 NIXR(KoL)
0794U G2mZ(,K.1,L)
07950 42*R(K+iL)
07960 G3w(Z(K#1vLa1)*G2)/2
07970 432(RfgCIL-l),H)/2
07980 G4x(Z(KoL-1).G1)/2
07890 I44=(R(K(.L-lI.N1)/Z
07900 RETURN
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TAKLE A-1 (CONT.)

07920 HjmR(K9L)
07;30 G2JZ(K9L.1)

679*0 GHztL(K-,L+ 1.G)/

&07460 x(Kl9l#H-4

079130 M4z(R(,(-1,L),,4)/2
01990 RETURN
063000 GluZ(K*L)
013010 HIXR(ftL)
013020 G2:Z(K*L1I)
01303 H2:1R(KoL,1)
063040 0333(ZU(K19L*1).G2)/2

L9d06O 64=CZ(KI(,1L).G1)/Z
083070 IH4m(F(K,1,L)#H1)/2
013080 REJ2N
083090 Glu2CKL)
011100 HI=1R(K,9.)
01110 (i2x(Z((*l9L)+G1)/2

04~139 63*21(94L)
001340 e43a=fliKL)

013170 RE!LIRN
013110 G1UZi(,L)
013190 4lzR(KoL)
013200 G2=(ZtKL*1)+G1)/Z

08220 G39Z1(l(-iL
003230 II3=R1(K-19L)
083240 G4xCZ(IKmlL!G1)/2
083250 M4z(RUK-19L)..41)/2
063260 RETURN
013270 GIuZ(IK,L)

013300 142a(RV(XL-1,idh)/2

031330 43R1 ('K-19L-1)

083330 G4u(Z(K-19L)*Gj)/Z
013340 H4=(RP(-1tL),+g1)/2
013350 RETURN

S063~60 (31 XZ(K*Ll

063330 G2*(Z(PKL-11.G1)/2

01341 8~30R(I(KtL-1)
09420 G43(ZC(K.i,L)+G1I/a
09430 ~44sR(K.1,L)*H:)12
013440 RETUPN
013450 REM4 OF STATE ROUTINE CALC P24.E? Cm....,.............
013i60 IF* Ný, TH1EN 08490
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TABLE A-I (CONT.)

00470 (305U8 08760
0848o0 (0 TO 08750
08490 IF KtuK4 THEN 10lbO
0WO0 N280
013510 iHuVlig(,L) 

i

013520 C4802/14
013530 C53O3*(1-C4/F1)*EXPC.F1*.4).*U*(1wC4/F2).EXP(.F2.*4)
08540 E6uE2(KvL)
08550 FOR N2vu To 1
0856 PIsC4*o.2(IKL,.Cb
C957) mls.U1*P(K)
a858C P3aP1.0I f4#Li
08590
1,13610 NEX T N2
336e20 PZ(;.L~aP3
01%630 F32-OZ,'t/N
08640 F4aeO3*tF3/F1.7*C1(IC4,IFl))*EXP(-F1Ol)
08650 F4*F'.W*(F3/F2#F2#(l.C/P *X~iO4
0066L- C2KL*(*/i(o)*-lý4E(*)F#4
0667C WF C2t(KoL)), TH4EN 08750
08bS0 PRN=a= K=K=ut#m -P9Y(KL)au!VI(K.L)

060PRINTE2(Ko[)ea2T(s.)9=Eb- =E6

01I373 PRI(JT-=R(KeL*1)ui-R(<iL.1 ,S=Z(KL,1)u2-1UL,1)
08740 PRINT=R3fK)ui-R3fK),i-Z3(K)a=iZ3(K)
08750 RETURN

408760 Dx*7839
08770 Dau.30
08780 R321*634
081790 03*4.9055
088'c 0480059
0881') Els*0814
013820 P1.4.2
08830 Faurj99
08840 Q341.O0031304
u3'950 PRINT=JWL EON=
08860 PPN=v-D=H(~z3ZD='DtDnDtDaD
001870 !DITE;--=(8RECC)--FF9F.
013880 PRINT zQ3u1-V1(CJ)wuiQ3
00890 PRINT
08900 RETURN
08910 REM ------ BASE CORNER MASS CHIANGE ------ '--
08920 X1U(Z(KI-lnILD1)Z(K1,Llfl/2
013930 Yls(R(K1-1,Ll)*R(K1,Ll8,/2
08940 X2=K R(xl~ /
08950 Y'u(R'K'.1 Ll,' (ltll)/
00960 X3*(X1.Z(KI**1L1,1l)/2
013970 Y3a(Y2#R(K1.1,Ll.1))/2
013980 GOSUB 07650

09000 W(KIL1)wWlKjL1)-V0
09010 Xl*(ZU(K1LI)*ZO(19L1-1))Z2
09020 Y18(R(KltL1)#R(K1,L.1-1)),2
09030 X2=(Z(Kl*1961)*Z(K1.ltL1.1))/2

60



NOLTR 74-77

TABLE A-1 (CONT.)

D'~O70 GoSUj o7oso

DY090 W(KltLfl)W(FI*Lj)qE
0,100 RETURN

--------------------------------------------- IASC.LlL E40 ASSES-105 AM

09130 IL=l

04~150 GO.5Ud o7390
09 1b0 Wi(IKL)vWS
09110 GOSiJtI wT3O
041t40 G3=36.9
04190 H33s2*37
04OO0 GOLUB~ 07.390

04?20 L=2
Q'VP30 GIRZ(KtL)

04?50 G2x3b.4
04260 H42=3.25

* . O~7 GOSiJR 073900

*OIP90 d(KoL)=WS

P1'300) H4z(R(KL)+HtK*L*1))/2

OV330 GOSU'4 07390

01350 Lx3
093fi G12LCKoL)
04370 H4luR(?KL)

04390 H2=4955
OV400 GOSUh4 07340

U9420 G4=3393S3
(P4430 H442*d
01440 63=34*55
09450 H3=4*95
09 4b0 GOSUd 07390
04470 W(K*L)*WC'KL)#*5

04~490 L2Ll
09500 GIZL(F.,L)

09S?0 32=32,9
09530 HRMS*
41540 "OSUB U?39u

fl 9 5b0 G4x32.?
U #')7 0 H14=3 a 5
0158nl 33832o3
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TABLE A-1 (CONT.)

09610 vi(K*L)sW(F.,L)**
046?0 K=K1-2
09630 L=Ll
095~40 GIML(KsL)

004650 G418a(KsLJl

oqVsno Gosud o73v~u
04690O W(K.L~uvi
04700 GOSUJR t)79ll
0V710 CiOSUd 073913
04720 uCK9L)uw(K9L)*45
U'97JI) RLTURN
0'4?40 RE'4--- EXIT IF J)'Kl-l 14 4IASS PT PRESSURE 93UT14E----'
04750 PkINTE4DrY PqESSJHE ROUTINEE

09770 PRINT JStJ.i(Li L(LIeD6
0'978D FOR *jal To NJi

0V0O0 PRlNTJ.Sq3(J),4CJLl-1),Z(JLll1),O6
0Y8i0 NEXT
09920 Go TO 11970
04J330 RE4 ------------ 4Ei4p PvC lTEPA'lONvAl.T NCT$O1I----o--

OIR40 F~tx (K)
o~i50 E63E(-(qL-(P*21(Kq0L)*V6
09960 P32CC4*Fb.CSI*F5
04470 E2(KoL)=Eb-#50(P3-P)*V&
09980 P~x(C4*E2(K$L)#C5)*F5
OIR90 P2(K#L)*P1.tQl(i(L)
OV4.00 00 TU OR63n
04;10 REM-------------------.- 14UT R('KLlI)i4I(,Ll~l) STEP i.---..---
uo~Z FOR Kzo TO '(1.1

04440 NEXT K
049SO R4ETURN
04460 RC~----------------- 14PJT R4IKfL1)9R(K9Ll.1) STEP 2--f ---
09470 READ Rf09Ll1.R(0*Ll~l)
099meO FOR~ Kal TO KI STEP e
09490 READ R(KoLlIR(KtLl*1)
1U000 NEXT K
10010 READ eR(Kl#1vLl) .R(11L.L.l)
IWoO FOR~ K*2 TO Kl-l STEP?
10030 R(K9Ll l(RLK~lvLl I .(K-l9L1) )/2

10050 NEXT K
I0GDf) RETOJRN
IUD70 RE4 --------- INOJU T SPECIAL. R(KOL1,.R('KLIO1) VALUES.--.-------
luo~o R(2otL1)x3oG5
IU040 R(20*L1.i)ab.i
luloo0 R(219LI)x2.S5
10110 R(21*ll.1IuS05

1013') RETURN
10140 RE4 ------ EQ OF STATE FOR FUZE CELLS- ------~-'
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10160 Ptij.1t1KLO~~1KL

10190600067
10166 C2IKLlu.07/R21KL)/IVItKL)qU*6)

10200 Rf~ ---- j-----o--SIE ROUT
10210 LmLl-I 7
10220 1F %3ý TPEN 10310
10230 FOR Kul T0 K3*1
10240 R3(K'wR'W''~
10250 Z3(K)wZf9*Ll)
10260 NEXT K
10270 Go TO 10650

10290 REP'
10300 REP
10310 FOR Kul TO K3
1032n REP
10330 REP
10340 REP
10350 SStKJU.CZ4IK).Z(K.tL))/O(R4(K)-RIKL))
10360 REV
10370 Jul
10360 0SUZ(JLl?.4P1.J.L1).RIKL?)0S6(KI.Z(K.LI
10390 065Z(JeILl).(R(J41,Ll1.R(K.L) )'S6(K).Z(K.L)
10400 IF 0&iff THEN 11540
10410 IF SGNtOe)c3a5GN(DI) 1MEN 10460
10420 JWoS.#1
10430 IF 48KI ?MEN IOSm20
10440 05306
10450 so T0 10390
10460 SU(R(v'1eLl)eRtJgLAi ),(Z(J.1,Ll,.Z(JLl)1
10470 23KC(cL*SK*?D(t~)S()tttlmiel
10460 Z3tK)jZ3(K)/(1.SSIK)GNS7)
10490 R31K~aPý,jL1).S7OZ(J.L1).S?OZ3(K)
10500 99(K)uj

10520 PRINTESLb0E AOUTjNE9J0uiJ93Kv-K
!0530 00 To 11970
10540 R3k(K)wA(,J41,L1)

10560 K9 (K I -j
10570 REP
1oS'.o NEXT K
10590 ()a(L1
10600 73(1)*Z1.#LI,
10610 R3(K3#1)*RIK3*1*L1)
10620 Z3tK3*1)*Z(K3.1,Ll)
10630 SS(1)u
10640 SSIK1)m.1
1065a RETURN
10660 REP -------- CELL CONN~ERS FOR L&-.--..
10670 61*Z(KtL)
10660 HIOR(KOLI
10690 02*ZIKo1,L;
10700 M28N(x*1,L)
10710 G3aZ3(K*1J
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TABLE A-1 (CONT.)

10720 H3aR34K*I1
10730 G4sZ3(K)
10740 H44SR3iK)
1075O00G TO 04600
10760 REM
10770 REM
10780 REM
10790 REM
10800 REM
10510 REM
109?B0 REM ---.----a.-w-.CYCLONE ACCEL FORMUL*S ~---------
111640 42u(P2(KLI 4P2(K-1.L).92(K.IiL.1)-P2(K.L.1) ?/2
10650 @1u(Rcec.1.L)-R(eK.1.L,,,.
10860 IF L0I- TuHEN 10900
10870 San(R. (K*L-1))/2
10660 84*'Z3. ,-. ,oL-1))12
10690 GO TO 109ci.
10900 d2*(R(K*L#l).R(g9L-11)/2
10910 B4m(Z(K9L.1)-Z(K9L-11;3,4

10930 834(Z(Kt1L*?-Z(KtL1,))/e

10940 35*TZ*R(K#L)/W(KoL)
11000 U(K*L)uUfK9L),3S*(i1*H2-aa.IHa)

11020) GO TO 05350
11030 RE~ ------ IIILZ LIDI PTS#Z3 (K) R3(K).wooe-mm
11040 FOR got TG Ki
11050 R3(K)aS(r.,LL)
11060 Z3(K)OZJKtLl1
11070 'dEXT K
711060 RETURN
11090 REM--mvoCL Q 4*Z4 FOR SLIDING- t-w
11100 IF' K9(K3)8O T'4EN 11120
11110 GC TO 11130
11120 K9(K3)aK3-1
11130 FOR Ku2 TO K3
11140 R~ull(K9(KhLI)
11150 ZS.Z(Kf(K)*L1)
11160 RruR(KO(K)*.Ll,
11170 Z9*Z(Kg9K)*1,LI)
11180 O9'SQR( !L9wZ8)O**2#R9-RB1'e2)
11190 S92(R9.ftd)/O9
11200 C90IZ9.Z*)/09

11220 G6*Z3(K).Z(K9L1.1
11230 G?*R3!K)-R(K9L1l)l
11240 G6wR3(K)/2/w3(loL1)
11260 69483G.50(56sb9.GmaC9)
11260 GO TO 113*0

11?60 aP(41UR.,w11R(1)

11300 083P2(K.L1U1)'(Z(KLlw1).Z3(K.1,)
1131) REM

1120F~P3(A(KISI-)/~tol~ll)AIK*l(,11Vt~~64)1
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TABLE A-1 (CONT.)

11330 G9aG9/Z/F9
11340 L17(,(lJ(A9L1.l)*T2*C4*G9
11353 V?()u sL1-)*T*~f)
113b0 Z4(.K1:Z3iK)*U7(9)*Tl

113e59 NEXT K
11390 GO TO 05140

* 1i400 RE ------------------ EERY CEC CK----------- -------
11410 E3=0
11420 E440
11430 £5.0
i1441) FORI Ku TO K1-1
11450 F0.4 Lao TO LI-I
11460 E33E341(KL)O2*P9*WI((.L)/R2(FK.L)
11470 NdEAT L
11*40 NEXT K
11490 FOR K= TO K3
11500 FOR Lan TO LI-i
11510 E42E4.a9ow(KL-U(~K.L.*Z*V(KtLu*eZ
115ZO NEXT L
11530 NEXT K

ll1155 FOR Lao TO LI-1
11560 GOSUS 11710
11570 NEXT L
11340 LvsgI
11590 FOi Ku TO K3
11600 E42E4.09'W3((,L)*(j?(K)SO2.V7(K)**2)

11520 NEXT K
11639 IF 'K3<l-l T.4E4t 116d0
11540 K*K1
1165') FOR Lzaf TO Li
115,0 GOSLIR 11710
11570 NEXT L
11580 EaE3#E4#ES

111590 REu

1172o ESaE5.D9*w(KL,'('j(KL)'*2.V(KL)O.21
11730 RETUR-v
11740 4~E4 --------3Q- FAACTI0N (PLANE DETON&TION)--..--
11750) IF FIK)21 TIEN 1.9003
11?61 IF 0.Tg(1(Kv1,)-Z)r.E4 1151?9
11770 IF .KSK** THIEN 115?O

11790 F(KduFfK)/1*',%
119O0f Q4x(j-VI(Kq0))/#J3
11RIO IF 1-t'%).4l, THEV 11930
J1I20 c-a TO 11d.0

4'1149f) F'K)=Q
11440 !% FCK;~o TPtEN liviD
i1IRS IF F(K~t0 THE£N 1114u
1196,0 50 Ta 11400
114?0 F(Kqz1
11qio Go ia 1O00
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TABLE A. I (CONT.)

11990 F(K~zo
11900 REM
11410 6O T3 04760
lii42 Q54 ----- CALC M4ASS PT VEL FOR ----
11430 F0.4 LX0 TO Li-i
1144C PRINT ('L9SQ(J.l3t.*Z02V(iK.L)e'Zi.3e8Oi
11950 NEX7 L
31160 RETURN
11910 GO TO 3000'7 QoJCT!o CI4.a--.--

20010 REM1
20020 RE4------------------------ WE IG.4T PER POLAR ZONE --------------
?0040 RE --------SET W?(J2,45)80
2ouso FOR J~xi TO 37
20050 FOR 745s) TO 2*LI*Kl
20070 dltj2oos)ao
2i000 N~EXT M4S
20i091 NEXT J2
2o10u REqI-------------- ANGLE A9(945#1/2) ---- ---------.
2V110 e3RINTZ545- z

Zu130 REM
20150 qE'4

24i16o REA
24170 FOR 4Sxi TC Li
20190 Kxl
24140 LuMS-1

2021005*Qv)4K*l)/

2t1?20 J52U(KtL*1)
a0'30 V~SV(,K.L#l)

20?50 so5sJ3 21J'40
2026C NJEXT M45
20?70 FOR 452L1Il TO L:4--
20180 LaLl
20?v0 K*K5-LI
?0300 45:Q4o)R (K.1,LsZ
20310 zZ..(.1L)/
20320 U~pzUt VI #L)
a0330 VSBV(K*1.L)
"2u340 ý)3 (5) u5aF eU(KL, '2.V(K.u **2)
2,1350 GO!FJ3 ?1390

'a36z itT .745
2J3?0 C0 4'5xL1*U T3 L12.PCI-i

2v390 Lm?*Ll.(1-545

20420 US&J(KgL-1)
20430 Vi2V(mL-1

20450 3OSJ4 e1340

?0410 Aifo~ao
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TABLE A-1 (CONT.)

2u480 Wb(2*Ll*KI()*4(Klv93
?0490 O3(2*L1I+K1)aSQR(J(K(1,O3 S*ZV(KlO)@O~)
20S00 A9(2*Ll.Kl)alS0
20510 RE'4------------------SET 75.6QN3NZCO-m--e..-
20520 FOR Jbx1 TO 3?

442OS30 FOR jai To J9
20540 NIjtj6.Js
?IS5O O5(Jboj)s0
20560 '46(Jb*J)xO
20570 Qb(JbtJ)80
20580 '13(Jbqj)uO
21.e,9o NEXT J
20600 Ns(J6)so

'4 -?0610 "IEXT J6i
20620 PRINT
2US39 PRIIT-=4ASS PT:.SzP0g.AR ZONEZ*=WT IN ZONE(BRAINSIS
?uS40 REM ----------- a--TOTAL. FRAG ;T AND AVE. VEL IN POLAR ZONES----
20650 FOR '45:1 TO 2*L1lon1
20660 IF A91'45-1)3-49(0S5) T<4E 20700

20690 GO TO 20U00
20700 CSA9('45)
2uT10 CS:A9('45-11
20720 J2aINT(C?/S)41
20730 J3zI4IT(Cd/5)*l
2u7'.0 IF J2zj3 N~E4 2o830
2u79 J4aJ3-J2-1
20760 d~xCS-C?
20770 W?(J2.'45)z(J2*5-C7)*Wb('45I/86
20780 WTJ9SxC-J-1*)w(4)B
207TO FOR ~44a1 TO J4

20910 4dEXT N9
20320 GO TO 20e40
?0930 WT(J2.'45)sW6(M5)
20R40 FOR Jbuj2 TO A3
20550 FOR Jal TO J9
20460 *47(Jf JjaN?(J6,JJ.d('45,J)@W?(J6,'45)*P6
?4970 W5(J6,J)aW5(j6.j).W2('4ý.j)@W7(J6,'45)
20480 NEXT J
2U590 PRINT 459J690'9(Jb.4S)*29
2ugoo NEXT J6

* -20410 NEXT MS5
?0920 RE'4 ---------------------- OTAL EIGHT -----
20930 T~xO
20940 FOR '4ist TO 2*L1*Kl
2u95§O TS=TSgue6(M5)
20460 NEXT '45
20470 T9aT8*P8
209850 PRINT
2u490 PRINT-Tor '4ETAL, 4Tu=T95=L3(j-T9*700O=jGRAINS)z-
21000 PRINT
21010 PRINTEPOLAR ZON4E5.-'=MfT WT=jo=PCT Sy wr-=*=AV VELM!
21o2a FOR jZ:1 TO 36

*21030 W8(J2)*0
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TABLE A-I (CONT.)
11040 W9(J2)z0
21050 FOR '45n1 To ?*L1.Kl
21060 wS(J2)mws(J2)#o7(J2.'45)
21070 49(J2).W4(J2)*i7(J2.'45)..3(m~i)
21040 IF J24)3b THIEN 21110
21040 WBCJ2)sW8(JZ)*i7I37,945)
211CO av9lJ2)uwd9(J23.W?(37.*q5)*23(M.5)
2111C NEXT '45

a21120 1'(J2)aw9(j2)*32808/w9(J2)
21130 PRINT J29W6(J2)eJ9.wS(J2)o09/T/?0,YoyJe)
21140 NEXT J?
211S0 REM -------- "--------.*-NO, OF FRAGMENdTS IN POLAR ZONES -----------
21100 GOSJB 21710
21170 GOSUJB 22270
21160 GOStJ8 22480
21190 RETURN
21145 'REM---------- END OF FRA34ENT PREDICT104J SU3R0UT14dE--...----
21200 REM -------------- ~----.WEIGH4T 31STRIdUTJON INPJTw--.------mw

421210 FOR JIlTO J9
21?20 READ) mu)
21230 NEXT j
21240 FOR '45mITO 2*L1.K1
21250 REA3 MI (45)
21260 IF 41(45)<850 THEN 21290
21270 J6X 0(/5.M(5-~
21280 3O TO 21300
21290 U6s20***4366*(41(M5)-50)
21300 FOR Jai tO J9
21310 X1UM(J)/U6
21320 X2*SQRCxI)
21330 X3*EXP(wX2)
21340 4(MSvJ)&?*?0925*X3/Ub
21350 02(m5,J)BX3*0.5*X*X.2*1)
21360 NdEXT J
21370 NEXT M5

4213d0 RETURN

21390 REM ---- m------- A4IGLE A9(45.j/2)
21400 813V(K$L)*US
21410 922U(KtL)*V5
21420 933J(KoL)*US
21430 32(t)V
21440 85z5QR(81*8l.82.62.w3e83.84od4)..83.B4
21450 IF ABS(85)<E7 TH~EN 21600
21460 A4X (8 1 #2) /05
21470 A5uA4*(RO-RS).Z5-Zo
21460 A63A4044
21490 ATUASOA5
21500 R6aSQR(Ab.A7.jA6*1)*(A7.,1.O01))
?1510 Q6mR0,cR6-A4*Ae/A5#6*l
21520 1632S*A4*(R6-R31
21522 IF MS5Ll.1 TNE'4 21525
215.?3 IF 45,VK*Ll THE:N 21525
21524 GO T3 21230
21525 IF CZ6-ZVOUe(-Z0O)C TIENl 21600
21530 IF 4aS(Z&-ZO)<7 TIEN 2ISdO
21540 A8mATN(Rb-R0)l(Z6-Zo))*jdo/Pg
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TABLE A-1 (CONT.)

215S0 IF ZL-Zo0o TME 2165o

21570 0 to 21660
21580 4914S)890
21590 GO TO 21660
21600 IF ZS-Z<0< THE4 21630
21610 A9(45)3180
21620 GO TO 21660
2IS30 49(05)aO
21640 GO TO 21660
21650 A9(Ms)a-A8
21660 REM
21670 w6fMS)sW(K9L)
21680 PRINT M~5K9L9Wb(45)vA9(MS)
21690 RETURN
21700 RE"
21710 RE4 -----. . .------------4.9 OF FRAGmENTS IN POLAR ZONES-a.-.-... -
21720 PRINT:452,9D49AR=
21730 FOR MNal TO 2*LiK1
21740 PRINT 45tM1(m5)
21750 NEXT MS
21760 PRINT
21770 FOR J6sl TO 36
21780 FOR JaITO J9
21790 IF JwJ9 THEN 21850
21900 N3(J6,J)zNT(J69J)o47(J69Jel)
21910 XINWS(Jb6J)-dS(JbtJ#1)
21920 IF Jbc>36 THEN 21840
21930 *3(JAJ)z43(J6,J)t47(37,J)aN7(37,J*l)
21940 GO TO 21090
21950 43(JbtJ)xN7(JbtJ)
21960 XlGOS(J6.J)
21970 IF J6<>36 THEN 21690
21980 43(JhoJ)RN3IJboJ).'47(37,J)
21090 46(J6sJ)*A1*06/N3(JbJ)21So4324
21900 N8IJ6)zNW(jb).%43(Jbtj3
21910 NEXT J
21920 YQ(Jb)=N8tJ6)/YS(JS)
21930 NEXT J6
21940 PRINT
21950 FOR Jbm1TO 36
21460 FOR JzITO J9
21970 Q6(JbvJ)xN3(J69J)/4d(J6)
21930 NEXT J
21990 NEXT J6
22000 PRINT2 NO* OF FRAG4E4TS IN POLAR ZONES3
22010 PRINT2WT* RA4GES 14 GRA14S=
22020 PRINT
22030 Jul
22040 GOSU9 22140
22050 PRINT
22060 JuS
22070 GOSUS 22140
22090 PRINT
22090 PRINTE POLAR ZT4EjpM(J9-1)j-N(J)g)GTg TNANEM(J9)
22100 FOR Jbxl TO 36
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TAB~LE A-1 (COW?.)

22110 PRINT J69N3(J6#J4-1)9N3(Jb...9)
22120 NEXT j&
22130 REVIJRN
20.J40 OsEl ----------.----PRINT We. OF 7RAGS IN POLOR ZO49Smswa--.-...-t...
22150 XtI)UmtJ~k)
22160 XCZSum(j*2)
22170 X()mPlj#3)

22190

22200 FOR Jbaj f0 36
M210 FOR i42mJ TO j#3t
22220 43lJb042)xN1(J&,42).-d7IJ,.,Re.1
22230 NEXT M2
22240 PRINT J~N!6J93J9~)#~Jt#)M(bjX
22250 NEXT J6
22260 RETUQN
2Z270 REM ------ t--------~.- -fPRINT LETHAL AREA 14UT-
22280 PRINT
22290 PRINTE LETHAL AREA 1'4PUJTZ

* 22300 PRINTZ'4uAVo WT 14 OR41dS!
22310 PRINTE 08FRACT104 OF NO* lN ZONE ), I GRAINS
R23?0 FOR J;-l TO 36 STEP 2
22330 PRINT (j6-I)#O5-J6*5g!wIgjm!, J6§Sz-.'!*(j691)*5
22340 PRINT ~!i~f~,O
22350 FOR Jal TO J9
?2360 PRINT W6(J69J),QSIJb.J),=-mjMB(J6*1,J),QS(J6.1,JI

§22370 NEAT i
22380 PRINT
22390 NEXT Jb
22400 PRINT
22410 PRINT
22420 PRINT =AV WTxAV OT 14J DRAINS OF FRAG4E4TSxl GRAM~d
22430 PRN POLAR ZONE-29=14IT* VELe(FPS)i,!FRA31STERzvfAV dYIGRAINSz
22440 FOR J6*1 TO 36
224S0 PRINT(J6-1)*S=-= J6'5.Y(J6),Y9(.J6),We(J6)/'4s(.J6).9
22460 NEXT J6
22470 RETUJRN
22480 REM ~-------- 4AKE JMIE4 DECK FOR LETP4AL AREA INPUT
a2490 Yl(o)zA8S(UJ(I.)).3Z80@
22500 Yl(36)wAdSlU(gc1,0))*32Sog
22510 FOR .Jbsl TO 35
22520 YI(J6)*(Y(Jb).Y(Jb.Il)/2
22530 NEXT J6
22540 RESTORE FILEtTAPEI)
22550 FOR 443 I TO 36
?22560 PRINT FILEITAPEI)(Jb.1)OSJ605,(J6m.S)OStYlIJ6-l),Yl(jS),Y(J

6 ) .49
22570 FOR JaIT049
M280 PRINT FILE(TAPE1)m6(J6#J)l
22590 NEXT i
22600 PRINT FILE(TAPEI)
22610 FOR Jul TO J9
22620 PRINT FILE(T&PEI)N3(JbtJ);
22630 NEXT J
22640 PRINT FILE(TAPEI)
22650 NEXT 46
22660 RETURN
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TABLE A-I (CO NT.)

225R(, DATA 3#3.05t2*35.3*d5.3*2v4o65
?2680 DATA 3*85S*.50?94o2v*3*4*Z3*5*3?

*2269o DATA 0*.O75.26,3.8b,5*~t,3.65,5.2T,3.45,5.2?
22700 DATA 3927.5e492*?,vT..17,a9?t..5y
22710 DATA 1929591O,15.Z5.5O9100915O.2SO
22720 DATA 200.Z0O.200.106,105.100,?5,g5,4t,,30

*22730 DATA 35,35,45,5O.70,95.l1O1Jo,0145,160
22740 DATA 190965t65920935,45945
30000 END
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Table AII

Notes on Fragment Prediction Code List

Statement
Number Notes

INPUT AND INITIALIZATION

1000 Identification

1010-1050 Fixed constants, n, 2n, 2nr 15.4185, 51T/180, 2w/454.

1060-1100 Calculate and store the number of steradians in each
50 polar zone, for use in the fragment prediction

scheme (see Fig.9). The area of the curved surface
of a spherical segment of height h, of unit radius,
is 2ith, or 2w(l-cosc), where a is the polar angle.

The surface area, or number of steradians, between the
polar angles a, and a2 is then 2w(cos" 2-cosad).

1110-1300 These are constants for the computation, defined in

Table AI.

1310 Equation of state constants are gotten from the equation
of state subroutine (8450-8900).

1320-1370 Constants used in the computation are printed out.

-380-1500 Dimension statements for subscripted variables. The
dimensions and descriptions are listed in Table AIII.

GRID POINT INPUT AND INITIALIZATION
1510-1780 Dimensions in cm, taken from drawings of the weapon

casing and fuze, are inserted here. At the same time,
the values of the interior grid points are obtained,

either by uniform spacing or by reading in special
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Table All - continued

Statement
Number Notes

values. The example in the program list (Table AIV) is

for the 105 mm projectile, which has a curved base

(see Fig.3). Special grid point entries were made in

order to get more uniform cell sites in the base region,
and to meet the requirement that each cell have four
corners. These special entries are not needed if the

base walls are essentially perpendicular to the axis,

as in the 155 mm and 51"/54 cal.projectiles. Input and

initialization for the example, the 105 mm projectile,

were done as follows:
Dimensions, ir cm, were obtained from a drawing of the
weapon casing. The fuze was replaced with a steel plug

in the nose. Aloo plane detonation of the HE, starting

at the nose was assumed.

1510-1550: Enter metal boundary points on the axis

(see Fig.l).

1560-1590: Initialize z,.. values by putting uniform

spacing between Z,., and z*,.
1600-1610: Input special coordinates for the axis points.

1630: Read in L ,(O 9 L l+ i1) in cm, taken from
the drawing, assuming Z. ,,, = Z. This can be done,

one K line at a time, in 9910. To reduce the number of

data entries one can read in every other R value between
K=l and K=K1, and have the program producc the inter-

mediate points. This is done in 9960. In the example
(Table AI)9960 was used and the data appear in 22670-

22700.

1650: Special R.,L values, replacing those
already inserted, are put in here, to make the cells more

uniform in the base region. This was done in 10070.
1660-1740: Grid point coordinates are calculated, using

uniform spacing.
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Table All - continued

Statement
Number Notes

1750-1780: Special 7,,., values are inserted here to
replace those just calculated for the line 'AmV1

FRAGMENT WEIGHT DISTRIBUTION INPUT

1790 Fragment weight distribution input. In the example
(Table AI), the Mott distribution is used and the
weight distribution is calculated, from Eqs. (82) and

(83), in 21200.
CASING DIMENSION FAINTOUT

1820-1870 Print out coordinates z, R• for K-0 to K1+1, LuO to

Ll+l. Notice theat this includes the outer boundary of
the metal, which wvll be used only to calculate the

masses associated with the mass points. To bypass this
print out insert 1805 GO TO 1875.

INITIALIZE Z,.. R5.

1890 Initial values of the slide points Z3,R3, are taken as
R..,, , respectively. This is done in 11040-11080.

SET Z FOR LIGHTING

1910 Set Z = zk4*,.. This is the value ofZ,,where the HE
Column starts. In the burn fraction calculation for

the plane detonation case, the distance that the

detonation front has traveled is measured from this
line.

INITIAL CELL DENSITIES
1930 The initi&l densities, of the fuze material or the

undetonated HE, are stored for the individual cells
as RZa,. This refers to the cell with the lower left

corner at (K.L).
COORDINATES OF ZONE CENTERS: ZONE MASSES

1970-2050 Calculate coor'dinates of zone centers by averaging the

coordinates of the corners. Calculate the scaled
masses,w, t..associated with the cells. This is done
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Table AII - continued

Statement
Number Notes

with 7300-7380, which locates the cell corners, (Fig.Al),

and 7390-7720, the subroutine which cuts the cell into

two triangles and calculates their areas, volumes, and

scaled masses. In 2030, W5 is the sum of the scaled

masses of the two triangles, calculated in 7390-7720.
INTERIOR GRID POINT MASSES

2070-2200 Get scaled masses associated with the interior grid

points. The centers of the adjacent cells are located in
2070-2160, and the triangle subroutine 7390-7720 is

used.

INTERIOR AXIS POINT MASSES

2220-2300 Scaled masses w,., associated with the axis grid points
are found by calculating the scaled masses of the two

quarter cells at the points. Subroutines starting in
8090 and 8180 (see Fig.Al) are used to locate the

corners of the quarter cells.

MASS CORRECTION AT THE FUZE-HE BOUNDARY

2320-2360 In the calculation of the scaled masses associated with

the interior grid points (2070-2200), the densities

of the cells with (KL) at the lower left were used.
For grid points on the line K=K4+l (K4>0,0'L<l-l),

this is now corrected to take into account different

initial densities on both sides of the line. Here R2

is the fuze material density and R3 is the HE density.
It is assumed that the cells on both sides of the line

K=K4+l are of the same length in the E direction. Other-
wise, these masses should be gotten by calculating the

masses of the quarter cells on both sides of the line.

2380-2870 Scaled gas masses w3s. associated with the metal mass

points are calculated (see Fig.5). If the boundary

point is not a corner point, these are the sums of the
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Table AII- continued

Statement
Number Notes

scaled masses of the two adjacent quarter cells. If

the point is a corner point, (1,0), (l,Ll), (KlLl),

or (KI,0), w%,• is the scaled mass associated with the

adjoining quarter cell. The subroutines in 7290-8440

are used.

2880-3600 The scaled masses associated with the metal mass points

are calculated here, with the subroutines in 7290-8440.

The metal is split up as in Fig.5. In the example used

here, the 105 =n. projectile, special coding for the

base end was done, so that the lines dividing the

masses would be perpendicular to t'he lines joining

them, as shown in Fig.3. This special coding, done

in 9110-9730, is called with 3560-GOSUB 9110. An

alternate arrangement, useful if the base is perpendi-

cular to the axis, is shown !n Fig.A3. This is done

with the statement 3560-GOSUB 8910.
PRINTOUT OF GRID POINT AND ZONE CENTER

COORDINATES, AND SCALED YMASSES
3610-3750 Printed out here are the coordinates of the zone

centers, LI%.. RIK.,.• the scaled zone masses wl.,,,
the grid point coordinates Z.,RN. and the scaled

masses associated with the grid points and metal mass

po",ntsw,.* This printout can be bypassed by inserting

the statement 3625 - GO TO 3760.

C/M RATIO AND SCALE FACTOR
3770-3850 The C/M ratio a&d X , defined in Eq. (80) are calculated

and printed out here, for the metal at the cross sections

where K-1 to KI. These are uased to get from Fig.!0 or

a siinlar relationship, the values of F1 to assign to
the inass points on the side wall of the projectile. It
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Taole All -continued

Statement
Number Notes _

is usually convenient to stop the program at this point,

with the statement 3855 - GO TO 30000. After the values

of F1 f'or the various mass points, determined from the

calculated X values, are put in as data for the fragment

prediction scheme, which starts at 20000, the statement

"3855 is remnoved and the entire program is run from the

beginning.

INITIALIZE N, T, AND FLOW VARIABLES

3870 Set the cycle number N=0.

3880 Set the initial tIme equal to that for the detonation

front to traverse half of the first HE cell.

3900-4000 Initialize V,., and EZ,.,. Usually, to start, vi I
E2i,=o in the fvz2 material region, and E2• E1(=*Et)

for the HE cells.

4020-4070 InItialize the velocity components u4.. aid V,_

4080-4140 ,,.iI.al••e the intermediate slide -cints Z4., R4.

and the marker points Kq•.

4145 Convert dimensions of B!, the arena radius, from ft

to cm.

ENERGY C-EECK FOR CYCLE ZERO

4!60 The total energy in the system, at cycle zero, before

the computation starts, is sound and printed out here

with the energy check subroutine that is used later at

the end of eacn cycle.

77



NOLTR 74-77

Table AII - continued

Statement
Number iNotes

FLUID DYNAMICS - MAIN ROUTINE

4180 Advance time cycle number.

4190 Exit if time exceeds T4 microseconds.

4200 Exit if cycle number exceeds N6

4210 Advance time (see Eq. (17)).

4220-4330 K3 for limiced computation is calculated (Eq. (18)).

This is done to save computing time, by not calculating

over portions of the grid where nothing is happening.

For the cycle, K3 is the maximum K for which new values

of the variables located at the cell centers are

calculated. If K3=Kl-l, the motions of the end points

(Kl,L) are also calculated.

43h0 The new cycle number N and the new time T" are printed.

NEW POSITIONS

4363ý-Lh8o Equations (191 are used here.

4500 New elide point positions 23kR3. and related variables

are calculated in 10200-1(1650

NEW VALUES OF VARIABLES jCATED AT THE CELL CENTERS

4530 This is the start of a double loop which ends at 4960.

New values of VI.. , Qi" , *2., EZ" TC2 .,

are calculated in this loop.
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Table All - continued

Statemen;:
Numt er Notes

4550 Saves old Pi,,(PZ,,- Q.,) temporarily.

4560 Saves old v2,., temporarily.

4570-4620 New cell areas and relative specific volumes,AI,., and

VI 1 ,are calculated with the same triangle subroutine

used for the initialization (7300). If L < L- 1,

subroutine 7300 is used to get the cell corners. If

L=Ll-l, 10660-10750 is used. This takes into account

the fact that the upper corners of the cells, for this

case, are (13.,,R3,) and (73.%,R3..,)

4630 A -,V1 .,V1'

4640 V7 N(I) (dvi/dr)

4650 V8 = v:"

4660 V Cvl" i/v,

4670-4700 QI is calculated with Eqs. (29) and (30).
BURN FRACTION

4730 If all F, now equal one, no burn fractions need be

calculated.

4740 This is the plane detonation case. For each X the burn

fraction is the same for all L. This it c!.Iculated

when L=0, in 11740-11910.

4750 P2"L , EZ" and C2", are calculated in the oquatiot, of

state sibrcutine (8450-8900).
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Table AII- continued
Statement

Number Notes

4770-4940 The time step for the (K,L) cell, T3." is calculated
with Eqs. (33)-(35). Notice that ý3,R3M) and

(z5..,.R3%.) are the upper corners of the cells when
L•LI-l.

4950 Save old time step temporarily.

4990-5060 T5 is the minimum of the cell time steps T3"

5070-5110 The new time steps T1:: and T2z-1 are found with

Eqs. (36) and (37).
24,R4 FOR SLIDING

5130 Intermediate slide point positions Z4v .;4 are found
in 11090-11390, while the old velocities u .,
are still available.

VELOCITY OF INTERIOR GR3'D POINTS
5150 New interior grid point velocities U V@"

are calculated in 10830-11020, with the scheaie in
Eqs. (50)-(54).

VELuCITIES OF INTERIOR AXIS POINTS
5380-5530 The new velocity componenzs of the interior axis points

are gotten vith Eqs. (56)-(58). Subroutines used in
the initialization are used here to calculate the

volLunes of the two quarter cells associated with the

axis grid points. Extrapolation of the pressure to the
axis, in the radial direction, is not done because

dv/dT-oon the axis. This implies, from (9), that
aP2/aR-O on the axis. Hence, the pressure can be

assumed uniform between R-O and R,, /Z.

VELOCITIES OF METAL MASS POINTS
5560-5580 U,. is the axial velocity component of the axis mass
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Table ATI - continued
Statement

Number Notes

point on the left boundary. The pressure associated with

the point is taken, by extrapolation, to be-(3P2, - Pz;,)/2.

The difference form of Eq.(10) is used, with •(z~r(.,/z?.

5600-5810 Velocity components of the mass points on the line

K-1 (L#0) are found by using Eqs. (64) and (65), with

appropriate subscripts. For example, for K=l, L=Ll

A,==Ir( R- RI), where . R1-(R 1.+R,.L,. 1 )/z.
and

A,":zw[C,., -£,.,.,/2 ][ 3 R&,.,. + RI., L )Il

+ 21T[(4I..,- .. ,)I21 [(3 R,.%.% + R .L%)/4I1

For the corner mass point (l,Ll) the corner cell pressure

is used, i.e., in Eq. (10) PS =-PZ.•L_1 is used in

calculating the axial component, and P2 •,L~- is used
in calculating the radial component. The opposite

signs are needed so that the accelerations will have

the correct signs.

5830-5840 Assign pressures in the cells (I,LI-I) and (K3,Ll-l)

to the slide points (z3,,R31 ) and (•3%).. R3.&+*),
respectively.

5870-5930 Get pressures P-, at the slide points Z3. R3.,

(1KK3)by extrapolation from the interior, with

Eq. (59).

5940 Start of loop for velocity components of mass points
(K, LI) for 2% K 1K3.

5950-6040 Finds closest slide points on both sides of the mass

point, with Eq. (61). If there is no sign change,
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Table AII - continued

Statement
Number Notes

diagnostics are printed out in 9750-9810 and the

program stops.

6050-6070 The pressure at the mass point is found by interpolating

betwaen adjacent slide points, using Eqs. (62) and (63).

608C-6190 Calculate mass point velocity components, for 2 t •3,

with Eqs. (64) and (65).

6200 End of loop which starts at 5940.

6210-6220 If K3 <K1-1 velocity calculations for the mass points on

K-Kl are bypassed.

6240-6520 Velocity component calculations for the mass points on

the right boundary,K=Kl. The formulas, with appropriate

subscripts, are the same as those u3ed for the mass
points on the left boundary,K-1.

FLUID DYNAMICS - PRINT ROTITINE
6560 Values of the flow variables will be printed at the

end of the first cycle, before the second cycle is

calculated, unless this instruction is deleted.

6570 The fluid dynamics print routine and the fragment

prediction routine are entered at intervals of T7 usec

(actually, at the first cycles past these times). This

Is done N5 times. The counter N7 is advanced by one in

7100 each time the fragment prediction scheme is used.

6580 Print routine and fragment prediction bypass.
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Table AII- continued
Statement

Number Notes

6590 If the cycle number N is less than N4 the fragment
prediction routine is bypassed. Usually the fragment
prediction scheme is not used until all the mass points

have started to move.

6600 The fragment prediction is done here, starting in 20020.

6610 Prints N and T", Tl , TZ4 in ?sec. Notice that N

and T are for the cycle just completed. The time step

T1flI is for use in the next cycle, and TZ"was

used to calculate the new velocity components.

6650 The flow variable printout can be bypassed on every
cycle, if one is just interested in the fragment
prediction results, by inserting the statement

6650 GO TO 7080.
6660 Start of flow variable printout loop. BASIC programming

now allows for a maximum of five numbers per line.

6670 Prints K, the burn fraction F, (this is the plane
detonation case), and the metal. velocity, i.e.,
(v+v') for the mass point at (K,Ll), in ft/sec.

6680-6710 Prints L, Z and R coordinates, and velocity components.

Units are cm and cm/Psec.

6"30-6760 Prints L, P2.. (mbar), QI. (mbar) vi..,[(cc/gram).P 0 ]

and E2•, [(rbar-cc/gram).P0

6770-6800 Prints K,L,1T,, (tisec), and -2o [(cm/psec) 2".

6810 End of loop.
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Table AII- continued

- - Notes

",j If K3<K2-1 the printout for the line K=Kl is bypassed.

6830-6880 Prints L, Z and R coordinates, and velocity components

for the right end mass points.

6920-6950 Prints positions of slide points Z3,oR3.. and associated

pressures P3.. Recall that the adjoining cell values

of P2.,. are used for the corner points (5830-5840) and

the other values are gotten by extrapolating ',)2P vus

in (5870-5930).

6970-7030 Prints velocities (U* +V"I'l of end mass points in

ft/sec. The velocities are calculated in 11920-11960.

7040-7070 Prints out values of variables Kq,,Z4-.,R4S, S.O,

used in the slide routine. Note that Z4.,R4. are

calculated for use during the next cycle, The variable

K. denotes the K value of first mass point to the

left of the Kth slide point. If (73,,R3.) and

(Z..', ,R..,.) coincide, k9.= K-I The variable k. is

used in 11090-11390 to locate the line segment along
which the point (Z.3, R3.) moves to (Z4., R4j). In

aniother versicn of the program which allows for free

gas expansion out the ends of a tube, it is used to
tell if a slide point is inside or outside the tube.
If it is outside K,= 3or El.

7090 Does energy check if N-1 and returns to the beginning

of the mair. rcutine.

7100 Advances N? (see statement 6570).
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Table AII - continued

Statement
Number Notes

7110 Exit if T > T7-N5.

7130 Does energy check (it. .,)-11730) every cycle.

Provision to stop the program if the total energy

varies by more than a prescribed amount can be inserted
at this point. For example, put

4095 E9=E
7132 If ABS (E-E9)< 1.1 E9 then 7140

7133 Print "STOP ON ENERGY CHECK"

7135 GO TO 30000

7160 Return to start of main i-outine.

SUBROUTINES AND TRANSFERS

INITIAL DENSITIES OV CELLS

7190-7280 Initialize HE and fuze cell densities R2,.,. It is

assumed here that the HE column starts at K=Kb+l.
Special initial densities can be assigned to individual
cells in 7271-7279.

7290 MASS, VOLUME, AND AREA

These routines are used in the initialization and in
the calculation of vi:., and u"-'f (2 r KcI3).

7300-7380 Locates corners of cell with (K,L) at lower left
(nee Fig.Al).

7390-7720 Calculates area, scaled volume and scaled mass of
quadrilateral with corners (G,, W),i= I to 4 , by

dividing it into two triangles and using Eqs. (1) and
(2). At large expansicns the corner cells (l,wl-l) and
(KI-l,Ll-l) tend to become concave if the masses

associated with the corner points are large relative

P,5
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Table All - continued

;t'ltement
Number Notes

to the masses of the adjacent points. The subdivision

into triangles is done differently for the left and

right sides (see Fig.A2), in order to get the true

areas of these corner cells.

7730-7810 Locates corners of half cell with (K,L) at lower left

and (K+l,L) at lower right (Fig.Al).

7820-7900 Locates corners of half cell wi',h (K,L) at upper left

and (K+l,L) at upper right (Fig.Al).

7910-7990 Locates corners of half cell with (K,L' at lower right

and (K,L+l) at upper right (Fig.A1).

8000-8080 Locates corners of half cell with (K,L) at lower left
and (K,L+l) at upper left (Fig.Al).

8090-8170 Locates corners of quarter cell with (K,L) at lower left

(Fig.Al).

8180-8260 Locates corners of quarter cell with (K,L) at lower

right (Fig.Al).

8270- j50 Locates corners of quarter cell with (K,L) at upper

right (Fig.Al).

836f)-84-40 Locates corners of quarter cell with (K,L) at upper

left (Fig.A1).
EQUATION OF STATE SUBROUTINE

846G-8480 If N-0, the equation of state constants are entered

and printed out with 8760-8900. Notice t;at this
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Table All - continued

Statement
Number Notes

subroutine must be called before the cell and grid

point masses are computed, because it contains the

value of R3, the solid HE density. (This is done in

1310.)

8490 If 1 KKK4 then P2,,,E•2., C2", are calculated for the

inert fuze material between the lines K-1 and K=K4+l.

"This is done in 10150-10190.

8500 Set N2=0. This is the counter for the iteration which

solves for the pressure and energy.

8510-8530 The equation of state used here is Eq. (11), with C4

and C5 from Eq. (13).

8540 Saves the old energy E2."- temporarily, as E6.

8550-8620 Solution of Eqs. (6)-(8), by iteration. The iteration

is done only once. The iteration can be done by the

method in the HEMP Code 2 , by inserting the statement

8535 GO TO 9830.

8630-8660 Calculates the sound speed squared, using Eq. (12).

8680-8740 Diagnostics if the calculated value of C2,. is

negative. This will cause the program to stop when

it attempts to take a negative square root in the time

step calculation (4940).

8760-8840 Put detonation product equation of state constants

here. The constant Q3(=1-ViG,)where v1,, is the

relative specific volume at the Chapman Jouguet state

is used in the burn fraction calculation (Eq. (25)).

87
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Table AII- continued

Statement
Number Notes

8850-8880 Printout of equation of state constants the first time

the routine is called (1310).

SPECIAL CODING FOR BAZE END MASSES

8910-9100 This routine reduces the mass of the mass point at the
base corner (Kl,Ll) and adds the mass removed to the

adjoining mass points (K1-l,Ll) and (KI,Ll-I). The

metal then associated with the three mass points is

shown in Fig.A3. To use this routine insert 3560

GOSUB 8910.

9100-9730 Special coding for the masses associatee with the mass

points can be done here. In this particular case, the

105 mm projectile base (Fig.3" is split up so that the

separation lines are perpendicular to the lines joining

the mass points, and the associated masses are

calculated. The routine is called in 3560, with

GOSUB 9100.

MASS POINT PRESSURE - DIAGNOSTIC PRINTOUT

9750-9820 Diagnostic printout if J>Kl-l in the mass point pressui-

routine, i.e., if the two adjacent slide points are not

found. It is called in 6030.
ALTERNATE PRESSURE ENERGY ITERATION

9830-9900 Alternate method, used in HEMP 2 for the pressure, energy

iteration in the equation of state routine (8450-8900).

Insert with 8535 GO TO 9830.
INPUT METAL BOUNDARY POINTS

9910-9950 Input of metal boundary points, one K line at a time.

Called with 1630 GOSUB 9910.

9960-10060 Input of metal boundary points, every other K line

between K=1 and K=Kl. The intermediate points are put

in automatically, with 10020-10050. Called with 1630

GOSUB 9960.
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Table AI- continued

Statement
Number Notes

10070-10130 Input special values for metal boundary grid points.
This is needed, for example, when the base is curved,

as in the 105 mm projectile. Called with 1650
GOSUB 10070.

EQUATION OF STATE OF FUZE CELLS
10140-10190 Equation of state for cells with 1 4 WK4. Calculate

P., ,EZ,,. Cz2 here. Called with 8490.
SLIDE ROUTINE (t3• R%. K9., S8g1 )

10200-10650 The new slide points Z5,R3, and the related values
Kq, and S8% are found here (see Eqs. (20)-(24)). The
values of SB, and 58,, in 10630 and 10640 are

fictitious, inserted for use in the mass point pressure
calculation (5960,5970).

10660-10750 Locates cell corners when the upper corners are slide

points (L=Ll-l). Called in 4580.

11030-11080 Initialize slide points P3,.R3, by setting them equal

toZ .& , , respectively. Called in 1890.

11090-11390 Intermediate slide points Z4,,R.+ (see Fig.6) are

valculated with Eqs. (38)-(49). Notice that the

pressures in the (K,Ll-l) cells are used to move the

two q'uarter cells associated with a slide point. This

is done because the assumption that the boundary is

being held fixed while the gas slides implies that the

normal pressure gradient is zero there. Called in 5130.

ENERGY CHECK
11410-11730 The gas internal energy, the kinetic energies of the

gas and the metal mass points, and the total energy in

the system are summed with Eqs. (66)-(68) and printed
out. Here

89
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Table All - continued
S~Statement

Number Notes

E3 = internal energy in the gas (mbar-cc),

E4 = kinetic energy in the gas (mbar-cc),

E5 = kinetic energy in the metal (mbar-ca),

E = total energy in the system E3+E"+E5.

Called before the first cycle in 4090 (this is the

total energy released by the HE),and at the end of

every cycle, in 7130.

BURN FRACTION (PLANE DETONATION)

11740-11910 The burn fraction F, is calculated from Eq. (25).

Called in 4740.

11920-!1960 Velocities of the end mass points.,L0 to Ll-l,are

calculated from the components uoL and vo, and

printed out in ft/sec.

11970 EXIT.

(Continued on the following page)
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Table All - continued

Stte n FRAGMENT PREDICTION SCHEME
Statement

Number Notes •

TOTAL WEIGHT OF FRAGMENTS IN EACH POLAR ZONE
20040-20090 Sets all WT(J2,M5)=0. The variable WT(J2,M5) is the

scaled mass (in grams) of the fragments in polar zone

J2, which come from the mass point M5. The J2 nd

polar zone lies between polar angles 5(J2-1)<a<5J2.

_"hus polar zone number 36 lies between 175<a<180,

and polar zone number 37 contains only the 1800

direction. Where it is convenient the material in

polar zone 37 is included in polar zone 36.

20100 The scaled mass of metal associated with each mass

point, W4,,r and the angles A%.,.,,, (see Eq. (73)) are
round in 20100-20500. Part of the computation of the

angles is done in subroutine 21390, which is called
from 20250, 20350, and 20450.

20170-20260 The angles A9,,, (see Eq. (73)) and the velocities

of the mass points 1-<M15LI. are calculated here. The
point Z5,R5 is the current position of the midpoint
of the line segment Joining the mass points M5 and

M5+1, taken from the fluid dynamics results. The

variables U5 and V5 are the current velocity components
of the mass point M5+1. The variable Q3,, is the
current velocity of the mass point M5. The computation
of the angle Aq.,.,1f is explained under 21390-21690.

Note that Aq,,•,, 1 is the polar angle associated wiith

the midpoint of the line segment Joining mass points
M5 and M5+l. The metal mass associated with the mass

point M5 is assumed to be distributed uniformly between

the angles A,,,, and A .,.
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Table AII- continued

Statement
Nuutiber Notes

20270-20360 The current velocities Q3, and the polar angles

A 9 ,r,,, are calculated for the mass points on the
line L=Ll.

20370-20460 The current velocities Q3,, and the polar angles
Aqm÷l are calculated for the mass points corresponding

to K=Kl, L=l to Ll-1.

20470 Aq. is set equal to zero. This is used in calculating

the spatial distribution of the mass associated with

the mass point M5=l.

20480-20490 The scaled mass and velocity associated with the last

mass point, M5=Kl+2L1 are calculated here.

20500 For the last mass point, A. 2 L14 X&+17 is set equal to

1800.

20520-20610 Varics quantities used to get fragment weight distri-

butions in the individual polar zones are set equal

to zero.

20650-20910 Here, the scaled mass associated with each mass point
M5 is distributed uniformly over the polar region

between the angles Aq,,.,,, and A9 ,,,.•! . If AMMS-1,
is larger than AqM.,,l the fragments paths cross, but

the treatment is the same. In either case C7 is the

smaller and C8 is the larger of the two angles defining
the polar region over which w4,, the mass from the

point M5 is to be distributed. Also J2 and J3 are the

numbers of the polar zones containing C7 and C8
respectively. If C7 or C8 is on the boundary between
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Table All,- continued

Statement
Number Notes

zones J2 and J3 it is assigned to J3. If J2 is equal

to J3, all of the mass from the point M5 is assigned

to this zone, i.e., w7,,, )the scaled mass of metal

from mass point M5 in polar zone J2,is set equal to
W&,I. If J2 is not equal to J3, the appropriate

scaled masses are assigned to zones J2 and J3 in

20770 and 20780. Appropriate scaled masses are assigned

to intervening zones in 20790-20810, with JA from 20750.

The numbers N7#, of fragments of weight greater than

m, and the scaled masses ws. of fragments in each

of the J9 weight ranges in each of the polar zones

are accumulated here. Also the weights of fragments

(in grains) from each of the mass points in each of

the polar zones are printed cat.

20920-20970 The total weight of metal is summed here and printed
out,in pounds and in grains.

21010-211o0 For each polar zone, the total fragment weight in the

zone (in grains), the percent of the total fragment

weight in the zone and the average velocity of fragments
in the zone (in ft/sec) are calculated and printed out.

Here, wv,4 , is the scaled mass of fragments in the polar

zone and the average velocity, in cm/j zsecis w%2 ./W8,, 2

where 2L-+,i

wq,,=• ,wT7 M.Q3,. The average velocity in

ft/sec is Y,, (see 21120).

22.150 At this point the following subroutines can be called

(for details see the notes under the subroutine

statement numbers). Subroutine 21710 must be called
before either 22270 or 22480, since quantities needed

in the latter two subroutines are calculated there.
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Table AII- continued

Statement
Number Notes

21710-Calculates and prints out, for each polar zone,
the average weight of fragments in each of the J9
weight ranges (in grains) and the number of fragments

in each of these weight ranges.
22270-Values of the average fragment velocity, fragments
per steradian, and average fragment weight (in grains)
are printed out for each polar zone. This form is
useful as input for a particular lethal area program
(AMSAA). The calculated values can also be put on
tape, from which cards, in a prescribed FORTRAN format,
can be punched directly.
22480-Stored values are put on tape for use by a

FORTRAN routine (Table AVI) which has the computer
punch a card deck suitable for input to the JMEM lethal
area program.

21190 End of fragment prediction subroutine which starts at
20020 and is called at 6600, in the fluid dynamics
program.

WEIGHT DISTRIBUTION INPUT
21200-21230 The left endpoints m, of the J9 fragment weight intervals

(in grains) are read in. The data are in 22710.

21240-21380 In this case the Mott distribution (Eq. (81)) is used.
For each mass point M5, the quantity EA. , the average
weight in grains of fragments weighing more than one
grain, is read in (the data are in 22720-22740). Then
the corresponding p is calculated with Eq. (83) ar>i
M,, and \12,,I are calculated with Eqs. (81) and (e4),
respectively. Notice that M, andju are in grains,
rim,, is in fragments per gram, andwM2%,o is dimensionless.
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Table AII- continued

Statement
Number Note's

POLAR ANGLE SUBROUTINE

21390-21690 The polar angle Aq,,+, (Eq. (73)) is calculated here.The subroutine is called in 20250, 20350, and 20450.

To solve Eqs. (72) one needs tan Ps÷IIZ. This is found
as follows: Note that

tan jt., tan (,+ pMs+&)/2 1

c •. os(PPA + PMS,.,)]/S,, I •.. V1,...+)g
-- Sir? 41

_ •-(co3,~, Cos 5 ,,-sn Coss,,,r.., o• pM,l,. COS~s,, s,•, P•., 4,

where tan J,, = V /U, and tan ,÷ = M/US , with

U5 and V5 (defined in 20170-20460) the velocity
components of the mass point M5+1. Then tan 9m6÷l-,=1/A4,
where A4=(Bl+B2)/B5, and Bl, B2, and B5 are defined
in 21400-21443. Equations (72), with the second part
now written A4(R4-R5)-(Z-Z5)=O is solved
simultaneously in 21470-21520. Special cases are
treated at the end of the subroutine. It was assumed
here that the arena center(ZO RO)coincides with the
center of the weapon. Hence, if the radial velocity
component is zero, the angle A9,,,*,- is taken to be
00 for Z5,cZO,,nd 1300 for Z5 >,o. The scaled metal
masses wv• associated with the mass points are assigned
in 21670.

NU?4BER AND AVERAGE WEIGHT OF FRAGMENTS IN EACH

WEIGHT RANGE Ii POLAR ZONES
21720-21750 Assigned values of F for each mass point are printed

out. These are read in at 21250 (the data are in
22720-22740).

21770-21930 The quantities N3,, ,, ) ,1 , He, Y9, are calculated
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Table Al, - continued

Statement
Number Notes

here. Recall that Hi7,,', is the cumulative number of

* fragments of weight greater than MI. in the 16th
Spolar zone. The actual number of fragments in the

Jth weight range in the polar zone, i i is found

by diffe:ý,ence. Similarly, Xl, the scaled weight of
fragments in the weight range in the polar zone, is

in the Jth weight range, in the J6th polar zone,

is then the weight divided by the number (see 21890).

In 21900, NB~ the total number of fragments in the

J6th polar zone is accumulated. The number of fragments

per steradian In the polar zone, yq,,, i~s calculated in

21920.

21950-21990 The fraction of the number of fragments in the J6th polar

zone, in the Jth weight group, Q4. 3  is calculated here,

for all J and j6.

22000-22260 The array N3 which consists of the calculated

number of fragments in each weight group for each

polar zone, is printed out.

AMSAA LETHAL AREA PROGRAM INPUT
2227022470 Quantities needed for the AMSAA lethal area program 3

are printed out here. These are (see 21890),

Sw(see 21970), and for each polar zone the average

frabdeni: velocity (there is no correction for air drag),

the fragments per steradian Y%n (see 21920), and the

average fragment weight (in grains).

JIMEM LETHAL AREA PROGRAM INPUT

22480-22660 Quantities needed for the JMEM lethal area program are

stcret on tape for use by a FORTRAN program (Table AVI)

Jtich prepares a card deck in the JMEM format. The
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Statement
Number Notes

quantity y2. (see 21120) is the average fragment
velocity in the polar zone (ft/sec). YI, is the
average fragment velocity at the intersection of the
polar zones J6 and J6+1. Also, M•o.. and M3,447
(see 21770-21930) are used here.

DATA
22670-22700 Casing dimensions (called in 1630).

22710 Beginnings of fragment weight range intervals

(called in 21220).

22720-22740 Average weight of fragments weighing more than one
grain,F, for each mass point (called in 21250).
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7300-7380 7730-7810

K,L+1 K÷I L+I K, L+] K+I, L+1
44

I-4 3•

44

12 2
K,L K 'lL K, L K+I,L

7820-7900 7910-7990
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1 22

14 3i I I
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L -- -- -- -------.. 4
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800-8080 481,o1-8170o
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4 3Lf
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8180-8260 8270-8350
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b360-8440
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FIG. A] QUADRILATERALS FOR WHICH THE CORNERS ARE DESIGNATED BY SUBROUTINES
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K1-1, L1

4
2, L1

33

3
KI-1, LI-I

4

S21, LI-1 - 2, LI-1

KI, LI-i

(a) LEFT SIDE (b) RIGHT SIDE

FIG. A2 SUBDIVISION OF CORNER CELLS INTO TRIANGLES FOR AREA COMPUTATION (SHOWN
AFTER DISTORTION AT LONG TIMES)

IT I

FIG. A3 METAL ASSOCIATED WITH BASE CORNER MASS POINTS, AFTER APPLYING CORNER MASS
CHANGE SUBROUTINE 8910-9100
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Table AIII

List of Variables - Fragment Prediction Code

Finite

Variable and Difference
Dimensions Notation* Description

R(Kl+2,Ll+2) R Radial coordinate of grid point or

metal mass point (cm).
H

Z(Kl+2,Ll+2) 7,., Axial coordinate of grid point or

metal mass point (cm).

Rl(Kl-l,Ll) Rill Radial coordinate of cell center (cm).

Zl(Kl-l,Ll) n", Axial coordinate of cell center (cm).

W(Kl,Ll+l) w,• Scaled mass (mass/2n) associated with
interior grid point or metal mass point

(grams).

Wl(Kl-l,Ll) Scaled mass (mass/"r) associated with
computation cell (grams).

W3(Kl,Ll+l) W3L. Scaled mass (mass/2n) of gas associated

with boundary grid point (grams).

U(Kl,LI+l) u., Axial velocity component of interior
grid point or metal mass point (cm/psec).

V(Kl,Ll+l) V.,1  Radial velocity component of interior

grid point or metal mass point (cm/,psec).

Vl(Kl-l,Ll) V1'. Relative specific volume (cc/cc).

V5(Kl-l,Ll) Old relative specific volume (cc/cc).

Ql(Kl-l,Ll) Artificial viscosity (mbar).

T3(Kl-l,Ll) T3." Cell time step (psec).

C2(Kl-l,Ll) C2a" Sound speed squared (cm/Pusec)

* At end of computation cycle.
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Table AIII - continued

Finite
Variable and Difference
Dimensions Notation* Description

P2(Kl-l,Ll) P2:,. Pressure + artificial viscosity(P1÷Qi)

(mbar).

E2(Kl-l,Ll) E2N. Specific internal energy per original

cc (mbar-cc/cc).

Al(KI-I,Ll) AIKL Cell area (cm 2 ).

R2(KI-I,Ll) R2K., Initial density in cell (grams/cc).

F(Kl-1) F. Burn fraction -plane detonation front

perpendicular to axis.

R3(Kl) R31 Radial coordinate of slide point (cm).
N

Z3(Kl) Axial coordinate of slide point (cm).

P3(Kl) P3: Pressure + artificial viscosity at slide

point (mbar).

R4(Kl) R4,, Intermediate radial coordina';e of slide

point (cm).

Z4(K!) Intermediate axial coordinate of slide

point (cm).

K9(Kl+l) K K coordinate of first mass point to the

left of the Kth slide point.

S8(Kl) Sek Negative reciprocal of slope of K line

to slide point.

U7(KI) UTJN4/ Axial component of velocity of slide

point (cm/P sec).

V7(Kl) V7:I/z Radial component of velocity of slide

point (cm/psec).

N M Cycle number.
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Table AIII - continued

Finite
Variable and Difference
Dimensions Notation Description

T T Time. (isec)

Ti T1 Time step. (psec)

T2 T?" Time step, (.isec)

Z Z Axial coordinate of initial position of

detonation front for plane detonation.

P P Temporary storage for 31&

N3(37,J9) N¾., Number of fragments in the JL'h weight

range in the 16th polar zone (004<5*
for J6=1 ..... ,1759ý4<180 0 for J6=36,

=1800 for J6=37).

N7(37,J9g M7.4 Cumulative number of fragments of weight

greater than M, grains in the J6th polar

zone.

N(2LI+K1,J9) NP,.1 Cumulative number of fragments per gram

of weight greater than M. from the metal

mav~s point M5.

W7(37,2LI+KI) , Scaled mass (mass/2n), in grams, of

fragments from the metal mass point M5,
in the polar zone J6.

W2(2LI+Kl,J5) WZM,oE Fraction of mass of fragments from mass

point M5, of weight greater than M,.

W5(37,J9) W5s, Scaled mass (mass/27), in grams, of

fragments in the Jth weight range in the
polar zone j6.

M6(37,J9) M Average weight of fragments, in grains,

in the Jth weight group in polar zone J6.
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Table AIII - continued

Finite
Variable and Difference
Dimensions Notation Description

Q6(37,J9) Fraction in the Jth weight group of the
number of fragments weighing more than
one grain in polar zone J6.

M(J9) M, Weight (grains) at the left end point
of the Jth fragment weight interval.

Ml(2L1+Kl) M,• Value of M, the average weight of
fragments weighing more than one grain,

assigned to metal mass point M5.

W6(2LI+KI) w(Ot Total scaled mass (mass/2n) of fragments

from the metal mass point M5.

A9(2LI+Kl) Aq Polar angle of direction of fragments

from the midpoint of the line Joining

metal mass points M5 and M5+l (degrees).

Q3(2LI+Kl) C3M, Velocity of metal mass point M5

(cm/psec).

W8(36) vwS, Total scaled mass (mass/2w), in grams,

of fragments in polar zone J2.

W9(36) n Sum of velocities times masses contributed

to polar zone J2.

Y(36) Y,1 Average fragment velocity in polar zone

J2 (ft/sec).

N8(37) ti,6 Total number of fragments weighing more

than one grain in polar zone J6.

Y8(37) YB, 6  Number of steradians in the J6th polar

zone.

Y9(37) Y'6 Number of fragments, weighing more than

one grain, per steradian in the J6th

polar zone.
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Table AIV

Input Statements - Fragment Prediction Code
Statement

Number -Symbol Description

1110 J9 Number of fragment weight ranges.

1120 T7 The fluid dynamics print routine and fragment
prediction routine are entered every T7

microseconds.

1130 T4 Maximum time.

1140 Ti Initial time step.

1150 E8 Factor for maximum time step increase.

1160 N4 The fragment prediction routine is bypassed

for cycle numbers less than N4.
11-70 N5 Number of times fluid dynamics print routine

and fragment prediction routines are entered.

iIFO N6 Maximum cycle nuraber.

1190 N7 Counter for N5.

1200 K4 The inert fuze mpterial ends and the HE starts
at K=K4+1.

1210 R2 Fuze material density (grams/cc).

1220 R4 Metal casing density (grams/cc).

1230 C3 Constant in artificial viscosity formula.

1240 E7 Cut off.

1250 Dl Arena radius, in ft.

1270 RO Radial coordinate of arena center (cm).

1280 ZO Axial coordinate of arena center (cm).
1290 LI Maximum L in computation grid.
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NOLTR 74-77

Table AIV - continued

StatementNumber Symbol Description

1300 KI Maximum K in computation grid.

876o D Detonation velocity.

8770 D2 Equation of state constant.

8780 R3 Density of undetonated HE (

8790 D3 Equation of state constant.

8800 D4 Equation of state constant.

8810 El Energy released jy HE (mbar-cc/original cc).

8820 F1 Equation of state constant.

8830 F2 Equation of state constant.

8840 Q3 I-vic, (where vi., is the relative specific
volume at the Chapman Jouguet state.

1520 Z(Kl,0) Initial axis position of inside of metal at
the base (cm).

1530 Z(0,0) Initial axis position of outside of metal at
the nose (cm).

1540 Z(l,0) Initial axis position of inside of metal at
the nose (cm).

1550 Z(Kl+I,0) Initial axis position of outside of metal at
the base (cm).

1610 Z(K,O) Input special (K,0) values (cm).

1620 R(K,L1), Inr.ut R(K,L1), R(K,LI+l) coordinates of metal
R(K,Ll+l) casing (in cm). This can be done with sub-

routines 9910 or 9960. The data is entered
in 22670-22700.

1650 R(K,Ll), Input special R(K,Ll) amd R(K,L1+1) values, if
R(K,Ll+l) necessary.
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Table AIV - continued

Statement
Number Symbol Description

1750 Z(Ki,L) Input special (K!,L) values, if necessary;

for example, when the inside of the base is

curved.

3560 W(K,L) Special coding for base end metal masses.

Subroutine 8910 is useful when the inside of

the base is straight. It makes the change
shown in Fig.A3.

Subroutine 9110 can be used, with appropriate
values of the coordinates, when the inside of

the base is curved. Here, the lines separating

the areas assigned to the mass points, as in

Fig. 3.

21210 M(J) Read in left endpoints of the J9 weight A

intervals in grains. The data are inserted

in 22710.

21220 Ml(M5) Read in the assigned value of F, the average

weight of fragments weighing more than one

grain, for each metal mass point M5. The data

are inserted in 22720-22740. At the outset,

if these data are uot available, the beginning

of the program can be run with the statement

3855 - GO TO 30000. This will stop the program

after the values of X (Eq.(80)) have been

calculated. These values can be used to get

the values of Ml,,(=R) from Fig.10 or a

similar plot. After these values of M1,, are

inserted in 22720-22740, remove the EXIT card

3855 and start over. If desired some of the

initial printout and the X computation can now

be bypassed with 1815 - GO TO 1880, 3620 -

GO TO 3860.
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Table AV

Output Statements - Fragment Prediction Code
Statement
Number Description

1310 HE density p (=R3 here), internal energy El(mbar-cc/

orig.cc) and equation of state constants.

1320-1370 KI, Li, K4, J9, T7, T4, Ti, E8, N5, N6, E7, R2, R4,

RO, ZO, Dl

(3ee Table AIV for descriptions.)

1820-1870 Case dimension input - (bypass with 1815 GO TO 1880)

3630-3680 Initial coordinates of zone centers (•1•,RIl,) and
scaled masses (masses/27T) w1... associated with zones

(bypass with 3625 - GO TO 3690).

3700-3750 Initial coordinates of grid points and scaled masses

(masses/27r) w,. assigned to grid points and metal mass
poin't3 (bypass with 3695 - GO TO 3760).

3800 Initial axial position ,.,initial inside radius (cm),

C/M, and X (Wnql") (see Eq. (80)). (Bypass both the

computation and the printout with 3675 - GO TO 3860.)

4340 N, T, and K3 are printed out here for each cycle.

6610 N, T, Tl, and T2 are printed out whenever the fluid

dynamics print routine is entered.

6660-7070 Fluid dynamics print routine, Prints F,, metal velocity

(ft/sec), z,• (cm) , R,,., (cm) , U.,,(cm/hsec) ,v.,, (cm/psec)

P2.,(- Pt Q1) (mbar) , Qj.. (mbar) , Vl.. (cc/cc)

E2.., (mbar-cc/orig.cc) ,T3.., (jisec) . CZ.(m/psec)2 2

R3. (cm) , Z 3, (cm) P% (mbar) , K9, R4, (cm) ,Z4,C.(cm) ,S,.

Bypass with 6640 - GO TO 7080.
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Table AV - continued

Statement
Number Description

8670-8740 Diagnostic printout if C2,., < o.

8850-8880 HE and equation of state data. Called in 1310.

9750-9810 Diagnostic printout if J KI-1in the mass point pressure
routine.

10520 Diagnostic printout before exit, if J=Kl in slide

routine.

11690 Energy check printout. Gas internal energy, gas kinetic

energy, metal kinetic energy, and total energy are

printed out. These should be compared with their

values at T=0, called for in 4090.

11930-11950 Metal mass point velocities (ft/sec) on the ends

(lines KI1 and K=KI, for L=3 to LU-1). These are

called for in 7020).

20890 Mass point number M5, polar zone J6, weight of metal from

mass point M5 in polar zone J6 (grains).

20990 Total metal weight, in pounds and grains.

21130 Polar zone J2, weight of metal in polar zone J2 (grains),

percent of total weight of metal in polar zone J2,

average velocity in polar zone J2 (ft/sec).
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NOLTR 74-77
STable AV - continued

Statement
Number Description

21680 Mass point number M5, ccrresponding K and L, total

scaled mass (mass/2r, in grars) associated with M5,

polar angle Aq for fragments from midpoint of

line segment Joining M5 and M5+1.

21730-21750 Input data F(=Ml,,)vs M5 (M is given in grains).

22030-22260 Number of fragments, in each weight range, in each
polar zone.

22290-22470 AMSAA lethal area input. The average weigh, in grains
and the fraction of the total number of fragments in
the polar zone are printed out for each fragment weight

range in each pola., zone. Also Y(J6), the initial

velocity (ft/sec) for the polar zone (this is the

average fragment velocity in the zone (see statement

no. 21120), Y9(J6) the number of fragments per steradian

in the polar zone, and the average fragment weight

(grains) in the polar zone. The latter quantity is not

called for by the AMSAA lethal area program.

22480-22660 Calculated quantities needed by the JMEM lethal area

program are stored on tape, for use by a FORTRAN

program (Table AVI) which prepares the appropriate

card deck.
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TABLE A-VI FORTRAN ROUTINE FOR PREPARATION OF CARD DECK FOR INPUT TO JMEM LETHAL

AREA PROGRAM

PROGRAM PCARD(TAPE1,PUNCHTAPE6=PUNCHINPUT=65.OUTPUT=65)
DIMENSION A(7)
DATA FMT/8H(7F10.4,/
REWIND 1

10 CONTINUE
C CALLS A SPECIAL VERSION OF GCARD TO READ FROM TAPEJ INSTEAD OF INPUT

CALL GCARD(1,?.A(1) ,A(2) ,A(3) .A(43 .A(5) .AC63 A(7) I
IF(A(6I.EQ.1.E36) CALL GCARD(192*A(6)2Ac7))
PRINT 100*AC?)
WRITE(69100) A

100 FORMAT(7F1O.4)
4'105 NOATA=A(7)

IF(UNDATA.EQ.O3.OR.CA'7).EQ.1.E36)) GO TO 200
CALL BASICR(7#NDATAoFMT)
CALL BASICRC7,NDATAFMT3
GO TO 10

200 PRINT 201.,A
201 FORPIATC* ERROR ON INPUT *,7F1094)

GO TO 10
END

* SU8ROUI~INE 5ASICRCNPqNDATAFMT)
DIMENSION A(19)
A( 19)=1.E36
INUMzO
Kul

10 IF(INUM.GE.NDATA) RETURN
CALL GCARDc1,12,A(K).A(K+1) ,A(K+2),A(K+33,A(K+4),A(K+5)tA(K+6),

+A(K+7)tA(K+8)tA(K+9)tA(K+10oA(K+11))
IE=.+ll
DO 110 I=KIE
IF(A(I)&EO.1.E36) GO TO 120

110 CONTINUE
!-K4'12

120 1=1-1
INUM=INUM+I
IF(I*LT.NP) GO TO 140
IF(CINUM.GE.NDATA).AND.(I.EQ.NP)) GO TO 140

125 WRITE(69FMT(A(KjKr=19NP)
IF(I*EQ*NP) GO TO 150
IS=NP41
DO 130 K=ISI
AK-NP)I=A( K

130 CONTINUE
C 11-NP

IF(I.GE.NP) GO TO 125
CHAVE LESS THAN NP DATA FROM LAST CARD AND LEFTOVERS

135 KI+1
IF(INUM9EQ.NDATA) GO TO 145
INUM=INUM-I
GO TO 10

4 C HAVE LESS THAN NP ON ONE CARD
140 IF(INUM*LT.NDATA) GO TO 135
14g5 lEzMINO(I,NDATA+I-INUM)

WRITE(6sFMT) CA(K),K=1 .IE)
RETURN

150 1-0
GO TO 135
END

*This routine was written by C.B.Wilson (NOL/C0DE332)
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